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ABSTRACT

Seabirds ingest plastic particles and other marine debris
more frequently than do any other taxon. Despite considerable
speculation as to the adverse effects ingested debris has on
seabirds, there have been few experiments designed to test
these hypotheses. Initial attempts to demonstrate adverse
effects were based on correlations between plastic load and
bird condition. However, unless the influence of season and
breeding status are removed, negative correlations cannot be
used to infer an adverse effect from ingesting plastic. Few
statistically significant negative correlations have been found
among adequately controlled samples, suggesting that the
effects of ingestion are either relatively minor or that they
frequently are masked by other variables. To avoid ambiguous
results, carefully designed experiments are required to assess
the severity of the specific adverse effects that have been
hypothesized to result from debris ingestion.

Ingested debris may have three specific effects on
seabirds: physical damage and blocking of the digestive tract,
impairment of foraging efficiency, and the release of toxic
chemicals. The severity of these effects depends upon the types
of debris ingested and their retention time within seabirds.

At present, severe physical damage and obstruction of the
digestive tract is infrequent in seabirds, and probably affects
only a small proportion of populations. Virgin (raw) plastic
particles were not found to affect the assimilation efficiency
of the white-chinned petrel, Procellaria aequinoctialis, but
seabird feeding may be affected by large plastic loads that
reduce the food storage volume of the stomach, causing reduced
meal size and, consequently, the ability to accumulate energy
reserves. Experiments on free-ranging seabirds are required to
confirm this, potentially the most serious consequence of
plastic ingestion by seabirds. An estimate of the critical load
size is required to determine the proportion of populations
likely to be affected by reduced food intake.
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Little is known about the transfer of toxic compounds from
ingested plastic to seabirds, but a significant positive
correlation between polychlorinated biphenyls and plastic loads
in the great shearwater, Puffinus gravis, independent of other
organochlorines, suggests that the pathway exists. This
warrants confirming experimentally, and the toxicity of various
additives such as plasticizers and colorants needs to be
determined. Other types of debris such as tar balls and paint
also are sources of toxic chemicals to seabirds; the incidence
of their ingestion needs to be investigated.

Not all birds are equally vulnerable to the effects of
ingested debris. Species that seldom regurgitate indigestible
stomach contents, and thus accumulate large debris loads, are
most prone to adverse effects. Immature petrels apparently are
particularly vulnerable because they cannot unload their
accumulated debris by feeding chicks.

INTRODUCTION

On a global scale, seabirds ingest plastic particles and other marine
debris more frequently than do any other taxon. At least 82 seabird
species out of 140 examined have been found to contain ingested plastic and
other debris, and the incidence of ingestion exceeds 80% of individuals in
several species (e.g., Day et al. 1985; Fry et al. 1987; Ryan 1987b; Sileo,
Sievert, Samuel, and Fefer 1990). Most work to date on plastic and other
debris ingestion by seabirds has focused on recording the incidence of
ingestion in various taxa (e.g., Day et al. 1985; Furness 1985a, 1985b; van
Franeker 1985; Ryan 1987b; van Franeker and Bell 1988; Sileo, Sievert,
Samuel and Fefer 1990). This has proved valuable in several ways; in
addition to providing baseline data on the temporal and spatial increase in
debris at sea (e.g., Rothstein 1973; Baltz and Morejohn 1976; Harper and
Fowler 1987), it has helped raise public awareness of the marine debris
problem, and has provided an insight into the dynamics of ingested plastic
in seabird populations (e.g., Day et al. 1985; Ryan 1988b). However,
despite being the most important question arising from plastic ingestion,
there have been few studies on the severity of adverse effects resulting
from plastic ingestion by seabirds (Day et al. 1985; Azzarello and van
Vleet 1987; Ryan 1987a). This paper reviews what is known of the impacts
of ingested plastic and other debris in seabirds, and identifies key areas
for future research.

GENERAL INDICATORS OF ADVERSE EFFECTS

Most attempts to demonstrate adverse effects resulting from plastic
and other debris ingestion by seabirds have been based on correlations
between debris load and indicators of bird condition (Day et al. 1985; Ryan
1987a). Weak negative correlations between plastic loads and either body
mass or the mass of fat deposits have been detected (Day 1980; Conners and
Smith 1982; Furness 1985a, 1985b; Ryan 1987a), but in most cases the lack
of adequately controlled sampling (for factors such as age, reproductive
status, and time of year) seriously hampers the interpretation of results
(Ryan 1987a). The poor relationship between indicators of bird condition
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and plastic load suggest that the effects of ingestion are either
relatively minor or that they frequently are masked by other variables.

The main drawback to using correlations to demonstrate adverse effects
from plastic ingestion is the inability to separate cause from effect.
Ingested plastic may cause poor bird condition, or a bird in poor condition
may be more prone to ingest plastic (Conners and Smith 1982), assuming at
least some plastic is ingested as a result of "misdirected foraging" (i.e.,
plastic eaten directly, not incidentally with prey; Ryan 1987b).

Similarly, stranded birds may have higher-than-average plastic loads
because the ingested plastic has affected the birds’ ability to survive
adverse weather conditions, or because starving birds are less
discriminating and eat more plastic immediately prior to stranding (Bourne
and Imber 1982; Ryan 1987b). Day (1980) recorded larger plastic loads in
nonbreeding than in the breeding parakeet auklet, Cyclorrhynchus
psittacula, but this could also be due to age-related foraging differences
(Day et al. 1985). The only way to avoid these ambiguous results is to
perform experiments designed to test the specific adverse effects
postulated to result from debris ingestion.

SPECIFIC EFFECTS OF PLASTIC AND OTHER DEBRIS INGESTION

The specific effects of ingested debris on seabirds can be divided
into three categories; physical damage and blocking of the digestive tract,
impairment of foraging efficiency, and the release of toxic chemicals (Day
et al. 1985; Ryan 1987a). The severity of these different categories of
effects varies according to the types of debris ingested and their
retention time within seabirds.

Physical Damage and Obstruction of the Digestive Tract

Physical damage and blocking of the digestive tract is the most !
obvious effect of ingested debris on seabirds, resulting in starvation in !
extreme cases of gastrointestinal obstruction (e.g., Parslow and Jefferies |
1972; Dickerman and Goelet 1987; Fry et al. 1987). However, obstruction of |
the digestive tract currently is infrequent in seabirds, and probably |
affects only a small proportion of populations (Ryan and Jackson 1987). ‘
Gastrointestinal obstruction by plastic has been suggested to be an \
important cause of chick mortality among albatross chicks in the North i
Pacific (Pettit et al. 1981; Fry et al. 1987), but this is not supported by
recent observations (Sileo, Sievert, and Samuel 1990) which found only
occasional instances of obstruction.

Threads and fibers may result in obstruction more frequently than
other debris types because they form dense, intertwined balls in seabird
gizzards, blocking the entrance to the intestine (Parslow and Jefferies
1972; Day et al. 1985). However, intestinal obstruction was not found in
any of the more than 200 white-chinned petrels, Procellaria aequinoctialis,
sampled off southern Africa, despite fibers comprising almost half the mass
of ingested plastics (Ryan 1987b; Ryan and Jackson 1987).

To test whether ingested debris interferes with digestion, the
assimilation efficiency (digestive efficiency) of white-chinned petrels fed :
large loads (1.4 g, more than twice the maximum load recorded for the |
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species; Ryan 1987b) of virgin polyethylene pellets was compared with that
of control birds (Ryan and Jackson 1987). No significant difference was
detected, suggesting that at least virgin pellets have little effect on
seabird digestive efficiency. However, similar experiments with other
types of plastics are warranted.

Cuts and ulcerations of the stomach lining caused by ingesting sharp
objects are more frequent than is intestinal obstruction (e.g., Day et al.
1985; Zonfrillo 1985; Fry et al. 1987; Ryan and Jackson 1987). These
lesions are seldom likely to be lethal, because seabirds tolerate similar
injuries from sharp prey items (Baltz and Morejohn 1976; Bourne and Imber
1982; Fry and Lowenstein 1982). However, lesions may have sublethal
effects, reducing disease resistance and thus influencing survival (Fry et
al. 1987).

Impaired Foraging Efficiency

Debris accumulated in the stomachs of seabirds has been postulated to
impair foraging efficiency as a result of mechanical distension of the
stomach. This has two effects: it induces a false feeling of satiation and
reduces the food-storage volume of the stomach (Day et al. 1985; Ryan
1988a). Both these mechanisms would tend to reduce foraging efficiency and
consequently the ability to accumulate energy reserves essential for
reproduction, molting and the survival of adverse weather conditions (Ryan
1988a). However, there have been no direct tests of this effect of
ingested debris on seabirds.

Ryan (1988a) showed that chickens fed 10 virgin plastic pellets ate
smaller meals and grew more slowly than did control birds, although
production (growth per unit food eaten) was not affected by plastic loads
(which is to be expected if plastic pellets have little or no influence on
digestive efficiency, see above). This provides empirical evidence that
plastic loads comparable to those found in similarly-sized seabirds affect
foraging efficiency in birds. However, experiments on free-ranging
seabirds are required to assess the severity of this problem. One possible
test would be to monitor the breeding success of birds whose chicks are fed
additional plastic loads.

Given the very large frequency of occurrence of ingested plastic and
other debris in some seabird populations, it is essential to estimate the
critical load size (relative to bird size) beyond which stomach distension
caused by accumulated debris has a deleterious effect. A few small
particles are unlikely to have an adverse effect, because many seabirds
store quantities of squid beaks and naturally occurring indigestible debris
such as pumice in their ventriculi (e.g., Furness 1985a; Ryan 1988b).
Fortunately, the distributions of total plastic loads in individual birds
are strongly skewed, with most birds having very small plastic loads (Fig.
1), and this probably results in a fairly small proportion of seabird
populations being adversely affected by stomach distension caused by
ingested debris. Even the species with the greatest occurrence of ingested
plastic off southern Africa, the blue petrel, Halobaena caerulea (92% of
birds containing plastic; Ryan 1987b), has 85% of birds containing plastic
loads <25% of the maximum load recorded (Fig. 1).
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Ingested Debris as a Source of Toxic Chemicals

It has been suggested that plastics and other debris ingested by sea-
birds are a source of toxic chemicals (e.g., Pettit et al. 1981; Bourne and
Imber 1982; Day et al. 1985; van Franeker 1985). Plastics contain a variety
of toxic additives including colorants, plasticizers, and heat and ultra-
violet stabilizers (Gregory 1978; van Franeker 1985; Wirka 1988), and at sea
the surface of plastic particles adsorb certain organochlorine compounds,
notably polychlorinated biphenyls (PCB’s) (Carpenter et al. 1972). The only
direct evidence to indicate that seabirds receive toxic chemicals from
ingested plastic is the positive correlation found between plastic and PCB
loads in female great shearwaters, Puffinus gravis, immediately after egg-
laying, independent of other organochlorine loads (Ryan et al. 1988). More
circumstantial evidence is that both interspecific and intraspecific (geo-
graphical) variations in PCB concentrations in eggs of Hawaiian seabirds
(Ohlendorf and Harrison 1986) correlate with the prevalence of ingested
plastic (Sileo, Sievert, Samuel, and Fefer 1990), although this pattern may
result from foraging differences (Ryan et al. 1988). The uptake of toxic
compounds from ingested plastics needs to be confirmed by examining seabird
tissues for traces of plastic-specific additives (Ryan 1988b). Although the
toxicity of plastic additives to seabirds (both singly and synergistically)
needs to be determined, it is likely that plastics contribute only a small
proportion of the total toxic chemical load borne by seabirds (Bourne 1976;
Ohlendorf et al. 1978; Fry et al. 1987; Ryan 1988b).

Other types of debris ingested by seabirds are potentially more serious
sources of toxic chemicals. Although not ingested at sea, Laysan albatross,
Diomedea immutabilis, chicks are killed by lead and perhaps mercury poison-
ing from ingestion of paint peeling off buildings on Midway (Fry et al.
1987; Sileo, Sievert, and Samuel 1990). This presumably is a localized
problem, and can be readily alleviated. However, paint flakes have also
been found in the stomach of a pintado petrel, Daption capense, collected at
sea off southern Africa (Ryan 1990). Birds that frequently scavenge from
vessels are likely to ingest some paint, particularly when ship scraping and
repainting occurs at sea. Seabirds also ingest tar balls (Brown et al.
1981; van Franeker 1985; Ryan 1986), and petroleum products are known to
have adverse toxicological effects on seabirds (e.g., Fry et al. 1986; Koth
and Vauk-Hentzelt 1988). More information is required on the incidence of
paint and tar ball ingestion by seabirds before an estimate of impacts on
seabird populations can be made. Particular attention should be paid to the
lifespan of paint and tar balls after ingestion; if they are rapidly broken
down in seabirds’ stomachs, the incidence of ingestion may be greater than
these scattered records indicate.

VULNERABILITY TO THE EFFECTS OF INGESTED DEBRIS

The vulnerability of a given species or age-class of seabirds to the
effects of debris ingestion is determined by the type of debris ingested:
the sizes and shapes of pieces of debris presumably are important in
determining the degree of physical damage to the digestive tract, and
different compounds vary as regards toxicity. However, probably the major
factor affecting vulnerability is the dynamics of debris ingestion and
loss. The magnitude of debris loads in birds are a function of the balance
between the rate of ingestion and the rate of loss of ingested debris.
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Virtually all debris ingested by seabirds floats in seawater, and is eaten
when mistaken for food items, or in association with prey (Day et al. 1985;
Ryan 1987b; but see Fry et al. 1987). Inter- and intraspecific comparisons
of plastic loads illustrate that the rate of ingestion is related to
foraging technique (greatest incidence in surface feeders), foraging niche
width (greatest in generalists), and the local density of debris at sea
(Ryan 1987b). The rate of loss is related to the maximum size of particles
passed through the digestive tract, the rate of erosion within the stomach,
and the frequency of regurgitation of indigestible objects. Of these
factors, the frequency of regurgitation appears to be the primary
determinant of whether or not seabirds accumulate plastic particles and
other debris in their stomachs (Ryan 1987b, 1988b).

There are three patterns of regurgitation among seabirds (Fig. 2).
Some birds, including giant-petrels, cormorants, skuas, pgulls, terns, and
albatrosses, frequently regurgitate indigestible stomach contents,
preventing any accumulation of ingested plastic or other debris (Ryan
1988b). These birds are unlikely to suffer many serious effects from the
ingestion of persistent debris. The main problems are likely to be
ulcerations and lesions caused by sharp objects (e.g., glass in gulls
feeding at refuse dumps) or the release of toxic chemicals (either those
rapidly absorbed from the surface of particles, or those associated with
debris that is not easily regurgitated, such as tar balls that adhere to
the stomach lining).

Other seabird taxa apparently seldom regurgitate indigestible stomach
contents (Furness 1985a, 1985b; Ryan 1987b), and it is these accumulators
of ingested debris that are likely to show adverse effects resulting from
debris causing stomach distension and from obstruction of the digestive
tract. For the majority of procellariiform seabirds (petrels, shearwaters,
storm-petrels and diving-petrels), the main avenue for removing ingested
debris occurs during the chick-feeding period, when plastic particles
accumulated throughout the nonbreeding season are fed to the single chick
along with the chick’s meals that are stored in the parents’ stomachs (Fry
et al. 1987; Ryan 1988b). This pattern of annual regurgitation results in
an annual cycle in the amount of plastic and other debris in breeding adult
petrels (Ryan 1988b, fig. 2). Other taxa that seldom regurgitate
indigestible stomach contents, such as auks and phalaropes, but do not feed
their chicks food stored in the stomach (e.g., Bedard 1969), apparently
lack this avenue for plastic loss. These taxa accumulate ingested plastic
and other debris (Conners and Smith 1982; Day et al. 1985; Ryan 1988b), but
the dynamics of debris loads are poorly understood, and particle loss may
depend almost entirely on erosion and subsequent excretion.

Not all seabirds that accumulate ingested plastic and other debris in
their stomachs are equally vulnerable to the effects of ingested debris. A
consequence of the intergeneration transfer of ingested debris is that
chicks fledge with a debris load approximately equal to 2 years’ accumula-
tion by adult birds. This initial loading is exacerbated subsequently by
the greater ingestion rate of young, naive birds (Day et al. 1985; Ryan
1988b) and the lack of an effective loss mechanism during the protracted
immature period (up to 10 years; Croxall 1984). This suggests that imma-
ture petrels have the largest debris loads stored in their stomachs, and
are most likely to show adverse effects from debris ingestion.
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Figure 2.--Diagrammatic representation of the effect of different
regurgitation frequencies on the pattern of persistent debris
accumulation in seabird stomachs.
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FUTURE RESEARCH DIRECTIONS

The preceding review has indicated several areas where both the
effects and the dynamics of debris ingestion are poorly understood. The
following points summarize key problems that warrant special attention.

1. Verification that stomach distension resulting from
accumulated debris causes reduced meal size and thus reduces
the foraging efficiency of seabirds.

2. Assuming that 1) holds, an estimate is needed of the
critical load size beyond which stomach distension has
serious effects.

3. Examination of seabird tissues for plastic-specific
additives is required to test whether toxic compounds are
assimilated from ingested plastic particles.

4. Assuming that 3) holds, tests of the toxicity of plastics
additives to seabirds (both singly and synergistically) are
needed.

5. Experimental assessment of the lifespans of different types
of debris in seabird stomachs is essential to interpret
correctly the dynamics of ingestion.

6. Continued monitoring of debris loads in seabirds is
warranted to detect major changes in ingestion patterns or
effects, such as an increase in the incidence of obstruction
of the digestive tract.

Ingestion by seabirds is a function of the density of debris at sea,
and it is only by reducing this density that the incidence of ingestion
can be reduced. However, a thorough understanding of both the dynamics
and effects of plastic ingestion may enable implementation of measures
specifically targeted to lessen the effects on seabird populations.
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ABSTRACT

Differences in rates of ingestion and types of plastic
particles ingested by 218 sooty shearwaters, Puffinus griseus,
and 324 short-tailed shearwaters, P. tenuirostris, obtained
between 1970 and 1987 were examined. Of these seabirds, 193
sooty shearwaters (88.5%) and 265 short-tailed shearwaters
(81.8%) were found to have ingested plastic particles.
Significant differences in ingestion rates by year and area of
collection were observed for short-tailed shearwaters. However,
only one case of significant difference was observed for sooty
shearwaters in the northern North Pacific.

After analyzing plastic particles ingested by these two
species of seabirds on the basis of shape and color, plastic
molding materials ingested by short-tailed shearwaters were
found to account for 67.2% of all particles. On the other hand,
sooty shearwaters mainly ingested particles of plastic products,
with plastic molding materials accounting for only 38.4%.

These differences were believed to reflect the differences in
food habits of the two species.

INTRODUCTION

The behavior of actively ingesting objects with no nutritional value,
called Pica Phenomenon, is commonly observed among birds, including
seabirds (Day 1980). Since the second half of the 1960’'s, plastic
production has increased sharply, and plastic has become a major pollutant
of the marine environment. However, the impact of plastic ingestion by
seabirds has not been made sufficiently clear.

This study analyzes characteristics of plastic particle ingestion by
sooty, Puffinus griseus, and short-tailed shearwaters, P. tenuirostris,
based on records of the number, shape, and color of plastic particles found
in gastric contents of the two species of shearwaters prevalent in the
subarctic North Pacific Ocean at the same time in summer.

In R. S. Shomura and M. L. Godfrey (editors), Proceedings of the Second International »
Conference on Marine Debris, 2-7 April 1989, Honolulu, Hawaii. U.S. Dep. Commer., NOAA Tech. !
Memo. NMFS, NOAA-TM-NMFS-SWFSC-154. 1990.
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MATERIALS AND METHODS

All of the shearwaters from whose stomachs plastic particles were
extracted were individuals killed incidentally in the course of driftnet
fishing. Dates and sites of collection and the number of specimens are
shown in Figures 1 and 2 and Tables 1 and 2.

A total of 218 sooty shearwaters were examined. They were obtained at
62 driftnet fishing sites between April and October for 7 years during the
period between 1975 and 1987 (Fig. 1, Table 1). A total of 324 short-
tailed shearwaters were collected at 62 driftnet fishing sites between
April and August for 8 years between 1975 and 1987.

Geographically, collection sites of sooty shearwaters were distributed
in the North Pacific in an area bounded by lat. 31°-51°N and long. 143°E-
143°W (Fig. 1). Those of short-tailed shearwaters were limited to the
northwestern part of the Pacific, two sites in Bristol Bay in the Bering
Sea, and all of the Aleutian Basin except for five sites around Cape
Navarin (Fig. 2).

Shape and color of plastic particles taken from the stomachs of the
two species of shearwaters were examined on an individual basis. Colors
were classified into 11 types: white, yellow, brown, yellow-brown, blue,
green, red, dark blue, dark green, dark red, and black/gray. Shapes and
forms were classified into 13 types: cylinder, pill, dome, sphere, box,
asymmetrical molding materials, string, cone, fragments of asymmetrical
plastic products, vinyl, rubber, unidentifiable particles, and other. Of
these, vinyl and rubber, whose shapes and forms are difficult of determine,
are dealt with as independent categories because of their high ingestion
rates by seabirds. On the basis of these data, frequencies of appearance
of plastics were compared and examined by year, month, latitude, and
longitude. The cases in which the number of bird individuals were 10 or
fewer per item were excluded from statistical testing.

Classification and recognition of plastic particles in this study
followed the method of Day (1980).

RESULTS
Interspecies Differences in Plastic Ingestion Rates

Tables 1 and 2 show the location and number of sooty and short-tailed
shearwaters with and without plastic particles. The numbers of individuals
ingesting plastic particles were 193 (88.5%) for sooty shearwaters (Table
1) and 265 (81.8%) for short-tailed shearwaters (Table 2). The difference
in plastic particles ingestion rates between the two species was x? = 4.023
(df = 1, 0.025 < P < 0.05), indicating slight interspecies differences,
although they were not so obvious.
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Table 1.--Frequency of occurrence of plastics in sooty shearwaters.

With plastic

Without plastic

Location
Frequency Frequency Total
Date Latitude Longitude No (%) No (%) number
19 Apr. 1975 40°35'N 167°31'E 1 100 0 0 1
13 June 1977 47°38'N 178°01'E 1 50.0 1 50.0 2
14 June 1977 47°37'N 179°44'E 0 0 2 100 2
14 July 1978 44°28'N 167°25'E 8 100 0 0 8
17 July 1978 45°30'N 172°25'E 3 75.0 1 25.0 4
26 July 1978 48°47'N 177°28'E 2 66.7 1 33.3 3
28 July 1978 44°58'N 179°58'E 1 100 0 0 1
2 Aug. 1978 48°31'N 177°34'W 3 75.0 1 25.0 4
2 Aug. 1978 46°00'N 175°33'E 1 100 0 0 1
3 Aug. 1978 47°30'N 175°30'E 2 100 0 0 2
5 Aug. 1978 50°25'N 177°32'W 1 100 0 0 1
8 Aug. 1978 49°29'N 164°12'E 1 100 0 0 1
14 June 1979 45°00'N 180°00° 1 100 0 0 1
19 June 1979 40°06'N 179°59'W 5 100 0 0 5
22 June 1979 39°00'N 175°00'W 1 100 0 0 1
23 June 1979 40°00'N 175°00'W 1 100 0 0 1
24 June 1979 41°00'N 174°59'W 9 100 0 0 9
25 June 1979 42°00'N 175°00'W 6 100 0 0 6
26 June 1979 43°00'N 175°00'W 7 100 0 0 7
27 June 1979 43°59'N 174°59'W 4 100 0 0 4
26 July 1979 49°33'N 177°32'E 0 0 1 100 1
29 July 1979 43°15'N 175°24'E 5 100 0 0 5
30 July 1979 44°32'N 175°29'E 14 77.8 4 22.2 18
31 July 1979 43°58'N 179°58'W 4 100 0 0 4
31 July 1979 46°00'N 175°30'E 3 75.0 1 25.0 4
1 Aug. 1979 43°01'N 180°00’ 1 100 0 0 1
1 Aug. 1979 47°30'N 175°29'E 2 100 0 0] 2
2 Aug. 1979 48°00'N 173°28'E 9 81.8 2 18.2 11
3 Aug. 1979 48°29'N 171°19'E 2 66.7 1 33.3 3
4 Aug. 1979 48°59'N 169°09'E 4 100 0 0 4
7 Aug. 1979 42°48'N 153°02'E 4 100 0 0 4
5 Sept. 1979 43°54'N 172°40'E 1 100 0 0 1
11 Sept. 1979 46°46'N 178°19'E 1 100 0 0 1
16 Sept. 1979 45°35'N 178°24'W 1 100 0 0 1
2 Oct. 1979 40°40'N 178°03'W 1 100 0 0 1
3 Oct. 1979 40°40'N 178°03'W 6 100 0 0 6
9 Oct. 1979 43°56'N 171°41'E 1 100 0 0 1
10 Oct. 1979 44°02'N 170°37'E 10 90.9 1 9.1 11
11 Oct. 1979 43°53'N 169°22°'E 0 0 1 100 1
12 Oct. 1979 44°01'N 169°19'E 1 100 0 0 1
13 Oct. 1979 45°56'N 168°58'E 2 100 0 0 2
14 Oct. 1979 43°51'N 169°38'E 1 100 o 0 1
15 Oct. 1979 43°27'N 167°53'E 5 100 0 0 5
16 Oct. 1979 43°22'N 167°35'E 2 100 0 0 2
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Table 1.--Continued.

With plastic Without plastic

Location

Frequency Frequency Total

Date Latitude Longitude No (%) No. (%) number
13 June 1980 40°02'N 179°58'E 2 66.7 1 33.3 3
16 June 1980 42°S58'N 179°59'W 0 0 1 100 1
20 June 1980 46°04'N 179°34'W 1 50.0 1 50.0 2
29 July 1980 43°00'N 175°28'E 4 100 0 0 4
21 Apr. 1986 38°35'N 145°30'E 3 100 0 0 3
27 Apr. 1986 39°30'N 144°30'E 1 50.0 1 50.0 2
29 Apr. 1986 39°37'N 145°38'E 10 90.9 1 9.1 11
30 Apr. 1986 38°32'N 144°23'E 1 100 0 0 1
1 May 1986 38°31'N 143°32'E 1 100 0 0 1
2 May 1986 39°00'N 145°30'E 1 50.0 1 50.0 2
18 July 1986 45°00'N 150°02'W 1 100 0 0 1
5 May 1987 39°30'N 143°29'E 1 100 0 0 1
6 May 1987 39°30'N 144°30'E 2 100 0 0 2
7 May 1987 39°29'N 145°30'E o 0 1 100 1
18 Aug. 1987 42°28'N 170°33'w 7 100 0 0 7
21 Aug. 1987 43°59'N 163°33'W 6 100 0 0 6
23 Aug. 1987 43°59'N 163°57'W 4 80.0 1 20.0 5
24 Aug. 1987 43°S8'N 163°40'W 1 100 0 0 1
3 Sept. 1987 45°40'N 153°24'YW 9 100 0 0 9
Total 193 88.5 25 11.5 218

Yearly Differences in Plastic Ingestion Rates

Plastic ingestion rates by year and by species are shown in Tables 3
and 4. Based on comparisons of data for the period (excluding 1975, 1977,
and 1980), the plastic ingestion rate of sooty shearwaters was x* = 1.034
(df = 3, 0.5 < P < 0.75), indicating no significant differences (Table 3).
On the other hand, the ingestion rate for short-tailed shearwaters for the
entire period excluding 1973 was x* = 74.757 (df = 6, P < 0.005), showing
significant differences (Table 4). The plastic particle ingestion rate of
short-tailed shearwaters for 1970-73 was conspicuously lower than rates for
other years, although the number of specimens was small for all the year.
Comparing 1970-72 with 1975-79, an extremely significant difference of
xz ~ 67.822 (df = 1, P < 0.005) was observed. It was suggested that the
increase in plastic particle ingestion by short-tailed shearwaters
reflected the increased production of synthetic resins.

Monthly Differences in Plastic Ingestion Rates

Plastic ingestion rates of two species of shearwaters by month were
shown in Tables 5 and 6. No significant difference was found in plastic
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Table 2.--Frequency of occurrence of plastics in short-tailed shearwaters.

With plastic Without plastic

Location
Frequency Frequency Total
Date Latitude Longitude  No. (%) No. (%) number
5 July 1970 55°21'N 164°00'W 13 46.4 15 53.6 28
18 July 1972 56°23'N 161°03'W 27 52.9 24 47.1 51
29 Apr. 1973 49°30'N 170°30'E 2 50.0 2 50.0 4
30 Apr. 1973 50°30'N 170°30'E 2 100 0 ) 2
21 Apr. 1975 42°30'N 167°30'E 1 100 0 0 1
22 Apr. 1975 43°33'N 167°30'E 4 100 0 0 4
26 Apr. 1975 46°30'N 167°30'E 2 50.0 2 50.0 4
28 Apr. 1975 47°30'N 167°30'E 1 50.0 1 50.0 2
4 May 1975 51°30'N 167°30'E 1 100 0 0 1
9 May 1975 50°30'N 171°00'E 1 100 0 0 1
11 May 1975 49°30'N 171°00'E 2 66.7 1 33.3 3
16 May 1975 47°30'N 169°01'E 4 100 0 0 4
17 May 1975 48°30'N 169°00'E 3 100 0 0 3
27 May 1975 50°25'N 172°30'E 2 100 0 0 2
10 June 1976 55°00'N 171°00'E 11 100 0 0 11
11 June 1976 55°00’'N 172°00'E 12 100 0 0 12
13 June 1976 55°00’N 173°00'E 12 92.3 1 7.7 13
15 June 1976 55°00'N 176°00'E 2 100 0 o 2
16 June 1976 55°10'N 177°17'E 2 66.7 1 33.3 3
17 June 1976 55°00’'N 178°00'E 1 100 0 0 1
18 June 1976 55°03'N 179°20'E 1 100 0 0 1
19 June 1976 55°00'N 179°00'W 2 100 0 0 2
20 June 1976 55°00'N 178°00'W 1 100 0 0 1
21 June 1976 55°03'N 176°50'W 1 100 0 0 1
24 June 1976 56°55'N 176°00'W 1 100 0 0 1
26 June 1976 57°00'N 177°00'W 5 100 0 0 5
27 June 1976 57°00'N 178°00'W 2 100 0 0 2
29 June 1976 58°56'N 178°08'E 2 100 0 0 2
30 June 1976 59°00’'N 178°00'E 1 100 0 0 1
6 July 1976 59°00'N 171°00'E 2 100 0 0 2
9 July 1976 61°44'N 177°40'E 4 100 0 0 4
11 July 1976 61°54'N 179°59'W 2 100 0 0 2
12 July 1976 61°48'N 179°39'W 1 50.0 1 50.0 2
13 July 1976 62°02'N 179°40'E 2 66.7 1 33.3 3
17 July 1976 62°05'N 179°36'E 2 100 0 0 2
2 June 1977 49°30'N 165°01'E 1 100 0 0 1
3 June 1977 49°22'N 165°43'E 4 100 0 0 4
4 June 1977 50°03'N 166°59'E 4 100 0 0 4
5 June 1977 49°26'N 168°48'E 5 100 0 0 5
7 June 1977 50°16'N 169°00'E 4 100 0 0 4
8 June 1977 50°35'N 168°31'E 3 100 0 0 3
9 June 1977 50°54'N 168°10'E 2 100 0 0 2
11 June 1977 50°08'N 175°21'E 16 94.1 1 5.9 17
13 June 1977 47°38'N 178°01'E 2 100 0 0 2




642

Table 2.--Continued.

With plastic Without plastic

Location
Frequency Frequency Total
Date Latitude Longitude No. (%) No. (%) number

14 June 1977 47°37'N 179°44'E 3 100 0 0 3
23 June 1977 56°04'N 176°14°'W 2 100 0 0 2
25 June 1977 56°00'N 175°14°'W 5 100 0 0 5
30 June 1977 57°02'N 178°02'W 1 100 0 0 1
2 July 1977 57°58'N 176°18'W 5 100 0 0 5

4 July 1977 58°10'N 175°37'W 4 100 0 0 4

5 July 1977 59°03'N 175°32'W 1 100 0 0 1

8 July 1977 58°45'N 178°54'W 1 100 0 0 1

9 July 1977 58°30'N 179°58'E 1 100 0 0 1

11 July 1977 59°13'N 177°51'W 4 80.0 1 20.0 5
12 July 1977 58°52'N 177°28'W 2 100 0 0 2
14 June 1978 52°55'N 176°59'W 14 93.3 1 6.7 15
19 June 1978 54°00'N 178°02'W 10 83.3 2 16.7 12
26 July 1978 48°47'N 177°28'E 1 50.0 1 50.0 2
28 July 1978 44°S8'N 179°58'E 1 100 0 0 1
14 June 1979 51°02'N 177°31'W 33 91.7 3 8.3 36
4 Aug. 1979 46°24'N 158°18'E 1 50.0 1 50.0 2

4 Aug. 1979 48°59'N 169°19'E 1 100 0 0 1

Total 265 81.8 59 18.2 324

particle ingestion rates for either species. The rate for sooty
shearwaters was x2 = 3.517 (df = 5, 0.5 < P < 0.75), and the rate for
short-tailed shearwaters was x?> = 4.060 (df = 3, 0.25 < P < 0.5).

More than 85% of the sooty shearwaters were found to have ingested
plastic particles in all the months between April and October except May,
when there were few specimens collected (Table 5). Slightly lower values
were obtained for short-tailed shearwaters in April, although no
significant differences were shown in ingestion rates (Table 6). Day
(1980) made clear that there are seasonal differences in plastic particle
ingestion by short-tailed shearwaters observed near Kodiak Island, and
showed that the birds there actively ingest in June and August. In this
study, no seasonal trend in plastic particle ingestion was identified, as
collection sites of short-tailed shearwaters were scattered in outer waters
and collection was not made at regular monthly intervals in areas where
this species stays for a long time.

Latitudinal Differences in Plastic Particle Ingestion

Tables 7 and 8 show the plastic particle ingestion rates by 5°
latitudinal belts. A significant difference of xz = 7.248 (df = 2,
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Table 3.--Frequency of occurrence of plastics in sooty
shearwaters by year.

With plastic Without plastic
Frequency Frequency Total
Year No. (%) No. (%) number
1975 1 100 0 0 1
1977 1 25.0 3 75.0 4
1978 22 88.0 3 12.0 25
1979 114 91.2 11 8.8 125
1980 7 70.0 3 30.0 10
1986 18 85.7 3 14.3 21
1987 30 93.8 2 6.3 32
Total 193 88.5 25 11.5 218

Table 4.--Frequency of occurrence of plastics in short-
tailed shearwaters by year.

With plastic Without plastic

Frequency Frequency Total

Year No. (%) No. (%) number
1970 13 46.4 15 53.6 28
1972 o227 52.9 24 47.1 51
1973 4 66.7 2 33.3 6
1975 21 84.0 4 16.0 25
1976 69 94.5 4 5.5 73
1977 70 97.2 2 2.8 72
1978 26 86.7 4 13.3 30
1979 35 89.7 4 10.3 39
Total 265 81.8 59 18.2 324

0.025 < P < 0.05) was found for sooty shearwaters as a result of comparisons of
the first three belts in Table 7. Further, examination by belt presented

a rate of xz - 5.750 (df = 1, 0.01 < P < 0.025) between lat. 40°-45°N and 45°-
50°N, indicating a difference. The plastic ingestion rate for the belt of

lat. 40°-45°N was higher at 93.1%, while that for lat. 45°-50°N was slightly
lower at 80.3%. '
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Table 5.--Frequency of occurrence of plastics in sooty
shearwaters by month.

With plastic

Without plastic

Frequency Frequency Total
Month No. (%) No. (%) number

April 16 88.9 2 11.1 18
May 5 71.4 2 28.6 7
June 38 86.4 6 13.6 44
July 45 84.9 8 15.1 53
August 48 90.6 5 9.4 53
September 12 100 0 0 12
October 29 93.5 2 6.5 31

Total 193 88.5 25 11.5 218

Table 6.--Frequency of occurrence of plastics in short-
tailed shearwaters by year.

With plastic

Without plastic

, Frequency Frequency Total
Month No. (%) No. (%) number
April 12 70.6 5 29.4 17
May 13 92.9 1 7.1 14
June 205 81.0 48 19.0 253
July 33 89.2 4 10.8 37
August 2 66.7 1 33.3 3

Total 265 81.8 59 18.2 324

Table 7.--Frequency of occurrence of plastics in sooty
shearwaters by 5° latitudinal belts.

With plastic

Without plastic

Latitudinal Frequency Frequency Total
range No. (%) No. (%) number
35°-40°N 21 84.0 4 16.0 25
40°-45°N 122 93.1 9 6.9 131
45°-50°N 49 80.3 12 19.7 61
50°-55°N 1 100 0 0 1
Total 193 88.5 25 11.5 218
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Table 8.--Frequency of occurrence of plastics in short-
tailed shearwaters by 5° latitudinal belts.

with plastic Without plastic
Latitudinal Frequency Frequency Total
range No. (%) No. (%) number
40°-45°N 6 100 0 0 6
45°-50°N 31 81.6 7 18.4 38
50°-55°N 93 92.1 8 7.9 101
55°-60°N 124 74.7 42 25.3 166
60°-65°N 11 84.6 2 15.4 13
Total 265 81.8 59 18.2 324

As regards short-tailed shearwaters, a significant difference of
xz - 12.645 (df = 3, 0.005 < P < 0.01) was found after comparing the last
four belts in Table 8. Further, in the comparison of all areas, there were
significant differences, with the rates standing at xz - 0.030 (df = 1,
0.01 < P < 0.05) between lat. 45°-50°N and 60°-65°N and x? = 11.347
(df = 1, P < 0.005) between lat. 50°-55°N and 50°-60°N. This suggests the
presence of differences in plastic ingestion rates for short-tailed
shearwaters between the North Pacific and the north Bering Sea. Comparing
lat. 45°-50°N and 55°-60°N, a rate of x2 - 8.954 (df = 1, P < 0.005) was
obtained. Thus visible differences were found in the plastic ingestion
rates between north and south.

These were believed to reflect both differences in distribution,
migration, and summer residence of both species of shearwaters in the
subarctic North Pacific region, and differences in abundance of plastic
particles by area.

Longitudinal Differences in Plastic Ingestion Rates

Tables 9 and 10 show the plastic particle ingestion rates for two
species of shearwaters by 5° longitudinal strips.

With regard to sooty shearwaters, no significant difference in
ingestion rates was found between strips (x2 = 13.559, df = 7,
0.05 < P < 0.1). On the other hand, a significant difference was observed
for short-tailed shearwaters, with xz - 69.748 (df = 4, P < 0.005). This
significant difference occurred because the plastic ingestion rate for 40
individuals obtained in Bristol Bay in Alaska was only 50.6%, and the
collection sites for these seabirds were limited to long. 165°-160°W. 1t
was not evident why the plastic particle ingestion rate for short-tailed
shearwaters in this strip was conspicuously low. These 40 short-tailed
shearwaters were full of Thysanoessa raschii, a species of euphausiids,
suggesting that the abundance of plastic particles in the area was low and
plastic particles in the stomach and gizzards had moved to the intestine.
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Table 9.--Frequency of occurrence of plastics in sooty

shearwaters by 5° longitudinal belts.

With plastic Without plastic
Longitudinal Frequency Frequency Total
range No. (%) No. (%) number

140°-145°E 6 85.7 1 14.3 7
145°-150°E 14 82.4 3 17.6 17
150°-155°E 4 100 0 0 4
155°-160°E <- -- -- -- --
160°-165°E 1 100 0 0 1
165°-170°E 24 96.0 1 4.0 25
170°-175°E 26 83.9 5 16.1 31
175E°-180° 40 78.4 11 21.6 51
180°-175°w 22 88.0 3 12.0 25
175°-170°W 35 100 0 0 35
170°-165°w -- -- .- -- --
165°-160°W 11 91.7 1 8.3 12
160°-155°W -- -- -- -- --
155°-150°w 10 100 0 0 10
Total 193 88.5 25 11.5 218

Table 10.--Frequency of occurrence of plastics in short-

tailed shearwaters by 5° longitudinal belts.

With plastic Without plastic
Longitudinal Frequency Frequency Total
range No. (%) No. (%) number
155°-160°E 1 50.0 1 50.0 2
165°-170°E 40 93.0 3 7.0 43
170°-175°E 46 92.0 4 8.0 50
175°E-180° 41 91.1 4 8.9 45
180°-175°W 97 92.4 8 7.6 105
175°-170°w .. -- -- -- --
170°-165°W -- .- -- -- --
165°-160°W 40 50.6 39 49 .4 79
Total 265 81.8 59 18.2 324




647

Number of Shapes and Colors of Plastic Particles
Ingested by Two Species of Shearwaters

Tables 11 and 12 show the number of plastic particles classified by
shape and color found in the stomachs of 192 sooty shearwaters and 265
short-tailed shearwaters. For both species, 13 shapes and 11 colors were
used.

Such shapes as cylinder, pill, dome, sphere, box, and asymmetrical
plastic pellets were apparently molding materials for making plastic
products. All the other particles were judged to be fragments of plastic
products. Ingestion rates of these molding materials were 38.4% for sooty
shearwaters (Table 11) and 67.2% for short-tailed shearwaters (Table 12).

A significant difference was found in the interspecies comparison of
ingestion rates (x2 - 298.7, df = 1, P < 0.005), showing that sooty
shearwaters have a strong tendency to ingest plastic particles with no
preference as to shape. On the other hand, short-tailed shearwaters have a
strong tendency to ingest molding material particles having consistent
shapes. Molding materials were 39.4% of the total weight for sooty
shearwaters, whereas for short-tailed shearwaters they were 74.6%. It is
interesting to note that a highly significant difference of x> = 624.830
(df = 12, P < 0.005) was found after comparing the rates of total number of
particles by shape for the two species. However, in terms of order of
ingestion by shape, r, = 0.9272 (n = 13, P < 0.01), indicating similarity
between the two species.

As for the color of plastic particles ingested by the two species of
seabirds, a highly significant difference (x2 = 515.588, df = 10,
P < 0.005) was found when comparing the numbers of particles by color, but
the order of ingestion was similar for the two species (r, = 0.8727,
n=11, P<O0.01).

The average number and weight of plastic particles ingested per
individual were 8.45 particles weighing 134 mg for sooty shearwaters and
8.79 particles weighing 140 mg for short-tailed shearwaters.

DISCUSSION

Day (1980) examined plastics ingested by seabirds in Alaska and
discussed the occurrence and characteristics of plastic pollution in them.
Much remains unknown about the impact of plastic particle ingestion on
seabirds, but Carpenter et al. (1972) found that polychlorinated biphenyls
(PCB's) are concentrated on the surface of spherical polystyrene molding
materials. Further, as regards great shearwater, P. gravis, Ryan et al.
(1988) found that a high-level positive interrelation of r = 0.700 existed
between the amount of ingested plastic particles and PCB in adult birds.
Day (1980) suggested that hydrocarbon pollutants arising from plastic
particle ingestion are not only affecting breeding capability but also
causing abnormal behavior.

For short-tailed shearwaters, a species subject to global-scale
migration, it is believed that the variation in amounts of body fat in
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connection with long-distance migration between Northern and Southern
Hemispheres causes changes in PCB density in internal organs and tissues
(Tanaka et al. 1986). It will be necessary to examine the impact of
plastic particle ingestion on seabirds throughout their entire life
history.

In this study, it is suggested that differences in plastic particle
ingestion by sooty and short-tailed shearwaters are related not only to
food habits of the two species but also to their distribution and migra-
tion in the subarctic North Pacific region. Sooty shearwaters arrive in
the area just south of the Subarctic Boundary at lat. 38°-40°N in early
April. These adult birds have just completed breeding in the Southern
Hemisphere. Sooty shearwaters migrate northward, keeping pace with north-
ward migration of Pacific saury, Cololabis saira, and the Japanese sardine,
Sardinops melanostictus. In June and July, subadults and hatching year
birds arrive also from the Southern Hemisphere to the area just south of
the Subarctic Boundary, and then migrate even farther north in the same
manner as adult birds. Therefore, as Day and Shaw (1987) showed, life of
the sooty shearwaters in the Northern Hemisphere starts in areas where
plastic pollution is intense. Further, they range in summer from lat. 41°-
42°N to the Aleutian Islands, extending to around lat. 55°N in the Okhotsk
Sea. Sooty shearwaters tend to stay in this area longer than short-tailed
shearwaters. Especially to be noted is that sooty shearwaters migrate only
in a nomadic mode after arriving in the North Pacific Subarctic Zone, and
their movement is determined by food distribution. This causes emergence
of flocks composed of individuals in different stages of growth. Therefore
it may be difficult to determine changes in plastic particle ingestion
rates in terms of year, month, latitude, and longitude.

Short-tailed shearwater parent birds, which complete breeding in
Tasmania in the Southern Hemisphere, fly toward the Northern Hemisphere in
mid- and late March and arrive in the Bering Sea in late April (Shuntov
1961). These short-tailed shearwaters continue northward migration
without resting around the Subarctic Boundary. After staying in the
summer resident area, they migrate directly southward to the Southern
Hemisphere for breeding. They therefore live in a condition immune from
the plastic-polluted areas in the North Pacific. Lower plastic particle
ingestion rates for 40 short-tailed shearwater individuals collected at
Bristol Bay in the Bering Sea were probably due to the fact that they were
breeding adult birds. Subadult and hatching year birds arrive in areas
around lat. 40°N in mid-April and early June, continuing northward to
around lat. 53°N in June-July. The northern limit for adult birds is
north of lat. 70°N, while subadult and hatching year birds live in a
nomadic mode between lat. 45°-60°N. This means that younger birds are
exposed to plastic pollution for a longer period of time, with the likeli-
hood of increased plastic particle ingestion rates over both time and
space. The results of this study coincide with this finding.

This study showed that short-tailed shearwaters had a tendency to
ingest more plastic molding materials, while sooty shearwaters ingested
more plastic product fragments. This reflects the food habits of the two
species. Short-tailed shearwaters feed mainly on small, low-class
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organisms originating from the biological production process in the
surface layers of the ocean, these include juvenile fish, euphausiids,
copepods, larval and juvenile squid, and amphipods (Ogi et al. 1980).

They are particularly fond of euphausiids, which appear in the surface not
as single individuals but usually as patches or swarms. The body size of
euphausiids is relatively uniform. Short-tailed shearwaters must catch
them quickly and continuously. They probably actively ingest plastic
molding materials because these resemble organisms forming patches or
SwWarms.

Sooty shearwaters, on the other hand, feed on Japanese sardines (Ogi
unpubl. data) and Pacific sauries (Ogi 1984) in large quantities. They
are also known to consume large quantities of larval and juvenile squid ‘
and euphausiids (Brown et al. 1981), but regardless, it is obvious that
the food niche of sooty shearwaters is higher than that of short-tailed
shearwaters. It is assumed, therefore, that they select less specifically
plastic molding materials resembling small-sized organisms.
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ABSTRACT

Between 1984 and 1988, 921 seabirds of 39 species were
collected during cruises in the eastern equatorial Pacific.
Cruises were centered in the areas of the South Equatorial
Current, Equatorial Countercurrent, and the northern Peru
Current. The majority of species, mostly gadfly petrels and
storm-petrels, had not previously been checked for plastic
ingestion. Ingestion was a function of feeding behavior, area
of the ocean frequented, and the amount of time passed since
birds frequented polluted areas. Species that resided year-
round in the equatorial region had eaten little plastic, but
those species or populations that had recently come from the
area of the southern Peru Current (off Chile), the North Pacific
(off Japan or California), or the Tasman Sea/northern New
Zealand area, had high plastic loads in their digestive tracts.
Results suggest that the residency time of plastic in the
digestive tract of petrels is less than 1 year.

INTRODUCTION

On the basis of research and literature reviews by Day (1980; Day et
al. 1985), who worked mostly in the northern Pacific, and by Ryan (1987a,
1987b, 1988a, 1988b; Ryan and Jackson 1987) in the southern Atlantic, we
now recognize that the ingestion of plastic is a pervasive phenomenon in
seabirds. At present, 69 seabird species are known to ingest plastic while
feeding at sea, and the incidence of ingestion has risen steadily since the

In R. S. Shomura and M. L. Godfrey (editors), Proceedings of the Second International
Conference on Marine Debris, 2-7 April 1989, Honolulu, Hawaii. U.S. Dep. Commer., NOAA Tech.
Memo. NMFS, NOAA-TM-NMFS-SWFSC-154. 1990.
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1960's. The species most likely to eat plastic are members of the order
Procellariiformes. The factors that make these species so susceptible are
1) their feeding behavior (many feed at the surface, are omnivorous, and
scavenge frequently); 2) their morphology (petrels have muscular gizzards
in which indigestible items become trapped, whereas most other seabirds do
not); and 3) their inability (albatrosses are an exception) to eject
indigestible matter through the formation of pellets. It is believed that
seabirds eat the plastic, usually in the form of industrial pellets and
fragments of larger items, either because they mistake it for food or
because edible organisms are attached to the plastic.

Geographic variation in the incidence of plastic indicates that
seabirds feeding near to industrialized areas are the most likely to eat it.
The plastic remains in digestive tracts until it degrades from abrasion and
digestive processes or until adult birds feed it to their chicks. Day et
al. (1985) estimated that the degradation process for an individual plastic
pellet requires on the order of 6 months, but Ryan and Jackson (1987)
proposed a time scale of 1 to 2 years. Ryan (1988b) further proposed that
it is through feeding plastic to chicks that adults rid themselves of most
of the plastic that has accumulated in their gut.

As yet, little work has been done on the incidence of ingestion in
seabirds that forage far at sea, i.e., away from pollution sources. (See
Ainley et al. 1990, who looked at plastic in the diets of Antarctic
seabirds.) 1In this paper we present information on the incidence of
plastic in the diets of seabirds that frequent Pacific equatorial waters.
The sampling efforts closest spatially to ours were those by Harrison et
al. (1983) and Sileo et al. (1990), who noted plastic in the diets of
several species breeding in the Northwestern Hawaiian Islands, in the North
Pacific a few thousand kilometers away from our study area. A number of
species pass through our study area from various directions, and the
incidence of plastic in them offers some clues as to where they are
encountering it, and, on the basis of the time passed since visiting
polluted areas, whether or not the degradation process and that of off-
loading through chick feeding are important processes by which birds
relieve themselves of plastic. In addition, several of the species we
sampled had not been inspected before for evidence of plastic ingestion.

METHODS

In conjunction with the Equatorial Pacific Ocean Climate Study (EPOCS)
of the National Oceanic and Atmospheric Administration (NOAA), we have been
characterizing the community structure of open-ocean seabirds using the
eastern equatorial Pacific as our study area. Included in our studies are
the analyses of prey items. On six cruises (boreal autumn 1984, spring
1986, spring and autumn 1987, and spring and autumn 1988) we collected 921
seabirds of 39 species using a shotgun (Table 1). During each collection,
we attempted to obtain up to five individuals of each species present. We
noted which individuals had ingested plastic and, except for autumn 1984,
counted the number of plastic pieces. Based on necropsy, we determined
whether individuals were adults or subadults. The study area is between
lat. 15°N and 15°S and long. 170° and 85°W (Fig. 1). Collections were made
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while the ship tended permanently moored oceanographic buoys, and thus were
mostly from the same sites on each cruise. During spring 1987, however,
the ship worked in the outer reaches of the Peru Current off Peru, and
birds were collected there as well.

In our analyses, we statistically compared proportions using t-tests
following angular transformations (Sokal and Rohlf 1969). Regressions were
by Spearman rank correlation (rs).

RESULTS

We looked for plastic in the stomachs of 39 species, 21 of which had
not been previously inspected for this. Highest rates of plastic ingestion
were evident in species that frequented the periphery of the study area or
moved through it. Most obvious were the nine species that came from the
edge of the Peru Current (Table 1). Plastic was found in all but one of
these, and in seven the incidence equaled or exceeded 45% of the birds
inspected. 1Incidence was very low in the Juan Fernandez petrel, Pterodroma
e. externa, which nests on islands off Chile, but in the cape petrel,
Daption capense, and the narrow-billed prion, Pachyptila belcheri, both of
which only winter in the Peru Current, incidence exceeded 80%.

Various patterns of ingestion were apparent in several longer distance
migrants that either pass through or spend the nonbreeding portion of their
annual cycle in the study area. Incidence of plastic was very high in the
sooty shearwater, Puffinus griseus, a species that migrates across the
study area between its breeding islands in the southwestern Pacific (New
Zealand) and its wintering grounds in the North Pacific. Incidence was 0%
in shearwaters collected on their northward postbreeding journey during
spring (n = 6) but was 95% among those individuals flying south in the
autumn (n = 19). In the Leach'’s storm-petrel, Oceanodroma leucorhoa, which
breeds on islands ringing the eastern and central North Pacific but which
otherwise resides in the study area, frequency of plastic relative to its
annual cycle was the opposite of the shearwater. Plastic occurred in 11%
overall. During autumn, just after the breeding season, 13.4% contained
plastic (n = 112) compared to 5.1% during spring (n = 39; t = 3.261, P =
002), after breeders had departed. The same relative seasonal pattern was
also evident in the white-winged petrel, Pterodroma leucoptera, which
breeds in the Tasman Sea but otherwise resides in the study area. Plastic
occurred in 15% of these birds overall, with a seasonal breakdown of 5.6%
(n = 54) during autumn, just before the nesting period, and 28.9% (n = 38)
during spring, just after the nesting period (t = 3.104, P = 0.003).

" Finally, in the Stejneger’'s petrel, Pt. 1. longirostris, which breeds off
Chile and then migrates to North Pacific waters off Japan, plastic occurred
in the same proportion of birds regardless of season (spring, coming from
the nesting grounds off Chile: 52.9%, n = 17; autumn, coming from waters
off Japan: 50.0%; n = 8).

Among species that reside in equatorial waters year-round, the
incidence of plastic ingestion was very low, and in most it was nil. An
instructive comparison is that between the migratory Leach's storm-petrel
and the year-round resident wedge-rumped storm-petrel, 0. tethys, two
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species that are closely associated in the study area (unpubl. data). In
Leach’s, ingestion was 11%, but in wedge-rumped storm-petrel, it was only
1% (t = 4.289, P < 0.001).

Ingestion frequencies for each species were tracked by the number of
plastic particles per bird. Individuals of species in which ingestion
frequency was high also had large numbers of pieces in their gizzards and
vice versa (r = 0.7385, df = 14, P < 0.001; for species where n > 4
individuals; Table 2). On the basis of that relationship, we might project
for species in which samples were small, that if the one or two individuals
inspected had eaten a large number of pieces, a larger sample should show a
high proportion of individuals with plastic. For example, we inspected
only one short-tailed shearwater, Pu. tenuirostris, but it contained 14
pieces of plastic. This species is known to eat large amounts of plastic
(Day et al. 1985). The pattern should hold for the Buller’s shearwater,
Pu. bulleri, for which there are no other published data on plastic
ingestion (the one individual in our sample contained seven pieces). One
exception would be Juan Fernandez petrel, in which only 1 individual of 104
inspected contained plastic: 4 pieces, a relatively large number of pieces
in our data set.

We compared the frequency of plastic as a function of age (subadult
versus adult) in species where n > 10 birds. Compared to adults, a larger
proportion of subadults should have ingested plastic (Day et al. 1985; Ryan
1987b). We found, though, that the proportion of breeding adults,
nonbreeding adults, subadults, and unknowns that had ingested plastic (5.9,
35.6, 56.4, and 2.0%, respectively) did not differ from the proportion of
these age classes in the total samples (7.9, 37.4, 51.8, and 3%,
respectively; xz - 8.78, df = 3, P > 0.05). Plastic was not more prevalent
in subadults.

DISCUSSION

We found little evidence that terns, tropicbirds, or frigatebirds ate
plastic, as also noted by Harrison et al. (1983), Day et al. (1985), and
Sileo et al. (1990). These species eat active prey, and even if they did
ingest plastic, they lack a gizzard where, in Procellariiformes, plastic
accumulates.

Among the petrels we sampled, ingestion was mainly a function of
feeding behavior, what parts of the Pacific Ocean they frequented, and the
amount of time passed since leaving polluted areas. Petrels such as Juan
Fernandez petrel or wedge-tailed shearwater, Pu. pacificus, which chase
airborne flyingfish and squid or prey being driven to the surface by
predatory fish (i.e., very active prey), exhibited low rates of plastic
ingestion. The majority of other petrel species are less specialized
feeders, and they eat prey both live and dead. Some species, such as
white-faced storm-petrel, Pelagodroma marina, and prions, genus Pachyptila,
almost always contain very high loads of plastic (Day et al. 1985; Ryan
1987b). It is probable that their prey search-images (including particle
size) and their propensity to associate with convergences account for their
high susceptibility to plastic as food. On the other hand, some species
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Table 2.--The average number of pieces of
plastic, and standard error, in the gizzards
of seabirds collected in the study area.

Average Number
number of
Species of pieces SE birds
Daption capense 8.4 2.3 7
Pachyptila belcheri 8.2 3.4 5
Procellaria aequinoctialis 3.5 1.5 2
Pterodroma cooki defillipiana 9.8 4.8 4
Pterodroma e. externa 4 1
Pterodroma e. cervicallis 1 1
Pterodroma leucoptera 2.1 0.8 14
Pterodroma 1. longirostris 3.1 0.6 14
Pterodroma 1. pycrofti 2 1
Pterodroma nigripennis 1 1
Pterodroma rostrata 1 1
Puffinus bulleri 7 1
Puffinus nativitatus 1 1
Puffinus griseus 10.5 2.7 18
Puffinus tenuirostris 14 1
Puffinus pacificus 1 1
Oceanodroma leucorhoa 3.3 0.4 16
Oceanodroma markhami 2 1
Pelagodroma marina 12.2 3.5 9

that are obligate scavengers, such as Tahiti petrel, Pt. rostrata, do not
eat much plastic (unpubl. data). They, too, might have a particular
search-image.

Temporal and geographic aspects of plastic ingestion were also
evident, and these patterns bear on the question of how long plastic is
retained in seabird guts. Ryan (1988b) proposed that most of the observed
seasonal change in plastic loads is a function of the transfer of plastic
from breeding adults to chicks rather than degradation within the digestive
tracts of adults. If this is correct, we should have found highest
incidence in subadults (who have never bred and thus have never had an
opportunity to disgorge plastic), lowest incidence in postbreeding adults,
and intermediate values in nonbreeding adults. Our data do not indicate
such a pattern. First, in species for which samples were sufficiently
large to make comparisons, we found no indication that subadults had more
or less plastic than adults. Second, the seasonal patterns we observed
suggest that degradation is an important process, and that the time scale
is on the order of 6 months or slightly longer. Ryan and Jackson (1987)
assumed that degradation rate is constant throughout the time that plastic
resides in a seabird digestive tract, and they based their extrapolation on
plastic fed to birds and then inspected after retention for only 12 days.
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However, plastic subjected constantly to digestive acids and abrasion could
degrade at a faster rate as time passes, especially if its surface-to-
volume ratio increases. Van Franeker and Bell (1988) found that the mass
of plastic particles in cape petrels collected in the Antarctic (where
there is no plastic to replenish ingested loads) decreased by 50% over a 3-
month period. This rate supports a shorter degradation period than that
proposed by Ryan and Jackson (1987; see Day et al. 1985).

We interpret our seasonal and geographic data as follows. Those birds
that reside year-round in the region of the South Equatorial Current and
the Equatorial Countercurrent (Wyrtki 1967), i.e., our study area,
exhibited only incidental ingestion of plastic. We observed little
floating debris during our censuses, probably because there are few, if
any, large industrial source areas in the central Pacific for plastic and
there are no large human population centers except for Oahu. Among petrel
species of the Northwestern Hawaiian Islands, which lie in the North
Equatorial Current, Harrison et al. (1983) also found only low levels of
plastic ingestion. We did not collect any samples in the Panamanian Bight,
where we observed much floating plastic and other flotsam on our bird
censuses.

Compared to year-round equatorial residents, results were much °
different for petrels that were either passing through the study area or
that came a long way from polluted areas to spend their nonbreeding period
there. Those species that had just come from areas where industrial
plastic pellets are common, for example, off Japan and California (Day et
al. 1985; Pruter 1987), had ingested significant amounts of pellets.
Several of these species, including adults and subadults, had higher
plastic loads after frequenting polluted waters (where adults bred). This
suggests that loss of plastic while in plastic-free waters (because erosion
outpaces ingestion) is important. Since the migrations are annual,
degradation over a 6- to 12-month period would best fit the patterns. As
examples, species or populations that had come from the eastern and central
North Pacific had high plastic loads (i.e., Buller's, short-tailed, and
sooty shearwater and Leach’s storm-petrel). The first three were in the
prebreeding portion of the annual cycle, and the last was postbreeding.
This inconsistency is contrary to the off-loading through chick-feeding
hypothesis. When specimens of these speciews have been inspected in
California waters they contain much plastic (Balz and Morejohn 1976). The
fact that sooty shearwaters migrating north from New Zealand or Leach's
storm-petrel not newly arrived from the north have low plastic loads
confirms that it is in the eastern North Pacific that these species are
ingesting plastic. Sooty shearwaters, probably of the South American
breeding population, also frequent the Peru Current, but we did not collect
any. A portion of the New Zealand population of this species migrates to
polluted waters off Japan, but the eastern Pacific position of our study
area and the flight directions observed indicate that the birds we sampled
were moving between New Zealand and the eastern North Pacific.

The incidence of plastic ingestion was also high in species collected
at the periphery of the Peru Current or that came to the study area from
waters off Chile (i.e., cape petrels, prions, white-chinned petrel,
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Procellaria aequinoctialis, Cook's petrel, Pt. cooki defilippiana, and

Stejneger’'s petrel). Cape and white-chinned petrels collected south of

South America have much lower plastic loads than those inspected in this

study (Ainley et al. 1990). This supports the suggestion that the

specimens inspected in this study encountered the plastic in the Peru

Current. Stejneger’'s petrel moves through the study area between Chilean

waters and waters off Japan, and thus its plastic could have come from :
either area. Unlike the other migrants discussed above, these petrels had |
similar plastic loads regardless of whether they were moving south or north.
This supports the suggestion that they were ingesting plastic off Chile and
off Japan. Bourne and Clark (1984) noted specific areas of nearshore Chile
where significant amounts of plastic had accumulated, but little information
is available on a larger geographic scale. One species they observed in
association with scum and flotsam lines was Pa. belcheri, which in our
samples contained much plastic. Species from the northern part of the Peru
Current (i.e., several species of the genus Oceanodroma) had low plastic
loads.

Though not as high as in the birds noted above, the occurrence
frequency of plastic was high in white-winged petrel, which as far as we ‘
know nests in the subtropical Tasman Sea area. The pattern of low plastic i
incidence before breeding and after wintering away from polluted areas, but
high incidence after breeding, again is contrary to the chick off-loading
hypothesis. Along the Equator, one of two individuals of Pycroft’s petrel,
Pt. longirostris pycrofti, which breeds in northern New Zealand, contained
plastic, and four of six white-faced storm-petrels, that could also have
come from northern New Zealand, contained much plastic. Imber (in Day et
al. 1985) reported plastic in 50% of specimens of the latter species from
Chatham Island (NZ); Harper and Fowler (1987) found that plastic was
prevalent in prions washed ashore in northern New Zealand; van Franeker and
Bell (1988) noted significant loads of plastic in Antarctic-breeding
species that wintered in the Indian Ocean and Tasman Sea; and Gregory
(1978) has noted significant amounts of plastic on most New Zealand
beaches, north and south. Thus, it is not surprising that petrels that
spend time in New Zealand waters show high plastic ingestion. It is
surprising that those sooty shearwaters that were newly arrived to our
study area from New Zealand had no plastic, although the large majority of
sooty shearwaters nest away from and south of the main islands of New
Zealand, and thus away from industrialized areas. This may account for the
lower rates of plastic ingestion in these birds.
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ABSTRACT

The prevalence of plastic in 18 species of seabirds at seven
study sites in the Hawaiian Islands and Johnston Atoll was studied
during 1986 and 1987. Stomach samples were collected by induced
emesis from 1,803 live birds of 15 species and during necropsy of
277 dead birds of 5 species. The prevalence of ingested plastic
varied greatly among species; age, year of collection, and loca-
tion of the study site had less pronounced but significant effects.
Ingested plastic was absent or uncommon in terns and noddies.
Plastic was not found at all in samples from gray-backed terns,
Sterna lunata, or white terns, Gygis alba. The prevalence was
low in sooty terns, Sterna fuscata (0 to 8%), and brown, Anous
stolidus, and black noddies, A. minutus (0 to 3%). Plastic was
much more prevalent (67 to 100%) in chicks of black-footed,
Diomedea nigripes, and Laysan albatrosses, D. immutabilis. In
the 11 other species prevalence ranged from O to 44% depending on
the age, year of collection, and location. The mean volume of
plastic in samples collected at necropsy from Laysan albatross
‘chicks was higher in 1986 (46 cc) than in 1987 (5 cc). Preva-
lence was generally higher in seabirds which fed at the surface.
Fragments of manufactured articles were the most common type of
plastic found. Other plastics included pellets, Styrofoam,
bottle caps, bags, and sponges. The largest individual item (200
cc) and the greatest diversity of plastic items were found in

albatross chicks.
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INTRODUCTION

Production of plastic products and dumping of plastic garbage in the
ocean have increased dramatically in the past 25 years. From 1960 to 1985
the United States increased plastic production from 2.9 to 20.7 billion kg
(6.3 to 47.9 billion 1b) per year (Iudicello and O'Hara 1986). The
prevalence of plastic ingestion by seabirds also has increased. Plastic
was first reported in the stomachs of seabirds in 1960, when it was
discovered in broad-billed prions, Pachyptila vittata, that were killed
during storms on New Zealand (Harper and Fowler 1987). By 1985, at least
70 species of seabirds from all the world’s oceans were known to ingest
plastic (Day et al. 1985; Ryan 1987a).

Seabirds ingest a wide variety of plastic types, but 2- to 5-mm
diameter plastic pellets and fragments of manufactured plastic products are
most common (Day et al. 1985; Ryan 1987a). Other types of plastic found in
seabird stomachs include Styrofoam, fibers, bags, bottle caps, and toys
(Kenyon and Kridler 1969; Harrison et al. 1983; Dickerman and Goelet 1987;
Ryan 1987a). Plastic particles may be eaten intentionally, accidentally
mistaken for prey, or ingested secondarily when hidden within a food item
(Day et al. 1985). For example, small plastic particles may be confused
with fish eggs or small invertebrates, while larger pieces can be mistaken
for squid, jellyfish, fish, or other large prey. Flyingfish often deposit
their egg masses on floating debris such as plastic, which may then be
ingested by albatrosses (Pettit et al. 1981; Harrison et al. 1983).

Plastic ingestion has not been reported as a significant health
problem in seabird populations, but several studies have indicated negative
effects on individual birds. Ingested plastic may distend or block the
proventriculus or intestine, causing erosions or ulcers (Pettit et al.
1981; Sileo and Fefer 1987) or possibly starvation (Dickerman and Goelet
1987). The presence of ingested plastic was correlated with elevated (but
nonthreatening) concentrations of polychlorinated biphenyls in great
shearwaters, Puffinus gravis (Ryan et al. 1988), and with reduced body
weight in red phalaropes, Phalaropus fulicarius (Connors and Smith 1982)
and domestic chickens, Gallus domesticus (Ryan 1988a). Other studies have
shown no correlation between body weight and plastic presence (Day et al.
1985; Ryan 1987b). Ryan and Jackson (1987) found no reduction in
assimilation efficiency in white-chinned petrels, Procellaria
aequinoctialis, artificially fed large quantities of plastic particles.

Studies of the prevalence of plastic ingestion in seabird communities,

based on examination of regurgitations or carcasses, have been conducted in
the North Pacific (Day et al. 1985) and South Atlantic Oceans (Furness
1985; Ryan 1987a). Reports of plastic in Laysan and black-footed
albatrosses have shown that these birds ingest the widest variety of |
plastic items (Kenyon and Kridler 1969) and ingest the largest volumes of |
plastic more frequently than other seabirds (Fry et al. 1987; Sileo and i
Fefer 1987). Harrison et al. (1983) reported cursory data for other

Hawaiian seabirds, but systematic study of the prevalence of plastic
~ ingestion in the Hawaiian avifauna has not been done. Our objective was to 1
determine the prevalence of ingested plastic in three orders of Hawaiian |
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seabirds (Procellariiformes, Pelecaniformes, and Charadriiformes) from
different islands by examining stomach contents. We evaluated the
prevalence of ingested plastic for associations with species, location of
study site, year of collection, and ages of birds sampled.

STUDY AREA AND METHODS

Stomach samples were collected from 18 species of seabirds on Kauai,
Maui, Nihoa, Tern, and Laysan Islands, Pearl and Hermes Reef, and Midway in
the Hawaiian Islands. Approximately 5 million seabirds of 22 species nest
on these islands (Harrison et al. 1984). Samples were also collected on
Johnston Atoll, 1,400 km southwest of Honolulu. Seabirds from remote,
uninhabitated islands were sampled by the authors or other biologists as
travel circumstances permitted. One of us (Sievert) spent 4 months in 1986
and 6 months in 1987 on Midway.

To avoid killing large numbers of seabirds, a stomach pumping method
was used to recover the proventricular contents (Wilson 1984; Ryan and
Jackson 1986). The method reportedly recovers 89 to 100% of the
proventricular contents, although Ryan and Jackson (1986) found that the
proportion (by mass) of food recovered by a single pumping was negatively
correlated with total stomach content in white-chinned petrels. Seawater
was pumped through a 10-mm (outside diameter) plastic tube into the
proventriculus of larger species with a manual pump (Black and Decker Model
No. JSO-1500). Smaller species, such as terns and petrels, were given
seawater using a 6-mm (outside diameter) plastic tube attached to a 140-cc
syringe. Seawater was pumped into the proventriculus until water became
visible in the esophagus. The tube then was quickly removed and the bird
inverted over a container. The bill was held open with one hand and large
objects were massaged through the esophagus if the bird was having
difficulty regurgitating. A l-mm diameter mesh net was used to skim
plastic items from the surface of the regurgitant for later
characterization.

The samples were collected from April 1986 to November 1987 by induced
emesis from live seabirds or during necropsy of carcasses. Necropsy
samples were obtained from carcasses found dead of natural causes and from
six euthanized Laysan albatross chicks. All necropsies were performed by
the authors. Dehydration was the most common natural cause of death in
1987 (Sileo et al. 1990). Seabird stomach samples were collected by
different biologists in different locations, which resulted in statistical
confounding of investigator effect with location. The confounding was
unavoidable because the remoteness and inaccessibility of the study sites
precluded replicative sampling by different biologists. Investigator
effect was minimized by having each biologist complete a training session
for the stomach pumping method. For most species, stomach samples were
collected from chicks because they were more accessible and more easily
captured. All live birds were approached on foot and captured by hand.
Age of the seabirds was determined by plumage characters. When it was not
possible to differentiate between free-flying juveniles and adults, all
were assigned to an arbitrary "either" category. Birds were sampled once
and banded with a U.S. Fish and Wildlife Service leg band to prevent

repetitive sampling.
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We tested the effectiveness of the sampling technique by pumping the
stomachs of six Laysan albatross chicks, then euthanizing and examining
them. The volume of proventricular content not removed by the stomach pump
was determined. We necropsied birds that were found dead and inspected
their digestive tracts for the presence of plastic. This was the only
method used for 58 Bonin petrels, Pterodroma hypoleuca, 3 dark-rumped
petrels, Pterodroma phaeopygia, and 18 Newell's shearwaters, Puffinus
auricularis (newelli). The proventriculus and ventriculus of all
necropsied birds were examined, and the intestines also were examined for a
sample of 39 black-footed albatrosses, 57 Laysan albatrosses, and 12 Bonin
petrels. Contents of the entire intestine from pyloris to cloaca were
stripped. All plastic was separated from the stomach content by fresh
water flotation and saved for later characterization.

Plastic was characterized by type, volume, and color. Types were
fiber, pellet, Styrofoam, fragment, bottle cap, bag, sponge, and other.
Fiber included fishing line, net fragments, and rope. Pellets were 2 to 5
mm diameter spherical polyethylene particles primarily used as the raw
material for manufacturing plastic products (Carpenter et al. 1972).

Bottle caps included all types of plastic lids, and bags were defined as
plastic film less than 1 mm thick in the form of a bag or sheet. Other
included children’s toys, cigarette lighters, hair combs, balloons, gloves,
condoms, tubing, sandals, wrappers, and bandages. The number of plastic
~items of each type per bird was counted except for fiber, which was
recorded as present or absent. Plastic fragments were assigned to one of
five color groups: white, which included white, yellow, tan, and brown;
black, which included gray and black; blue, which included purple and blue;
green, which included all shades of green; and red, which included pink and
red. One of us (Sievert) was studying growth rates of a marked population
of albatross chicks at a study site on Midway. Albatross carcasses found
dead at this study site were dissected and the total volume of recovered
plastic was determined by water displacement. The buoyant contents were
placed in a wire screen bag (1.5-mm diameter mesh) and immersed in a 2,000-
ml beaker filled with tap water. The volume of water displaced was
measured. In 1986, all measurements were made in l-cc increments, and in
1987, in 5-cc increments. The volume of the largest plastic fragment from
each bird was calculated from the linear dimensions of the fragment.

Statistical analysis of the plastic prevalence data followed the
general recommendations of Freeman (1987). Chi-square tests for
association were used for 2 x 2 tables of plastic prevalence and other
independent variables. Fisher's exact test was used when cell expectations
were small (<5). Several 2 x 2 tables were combined using the Cochran-
Mantel-Haenszel procedure to test hypotheses of an overall association
between plastic prevalence and the independent variables. This procedure
provided a means for stratifying the plastic prevalence data from each
unique combination of island, age, species, and year so that there was only
a single independent variable in each test. Hypothesis tests were
considered significant at the 0.05 level, however, P values for each test
are also reported. Samples from wedge-tailed shearwaters, Puffinus
pacificus, and red-tailed tropicbirds, Phaethon rubricauda, from different
islands permitted assessment of the effect of geographic location on
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plastic ingestion. The influence of year of collection was determined by
comparing prevalence in 1986 and 1987 in 11 combinations of species,
location, and age. The prevalence in chicks was compared to adults in nine
combinations of year, species, and location. If the prevalences of two or
more closely related species were not significantly different, data from
the species were combined to make comparisons with broader taxonomic
groups.

RESULTS

In 1987 stomach pumping removed at least 50% of the proventricular
plastic from five (83%) of six Laysan albatross chicks, each of which
contained 5 to 10 cc of plastic (Table 1). Stomach pumping failed to
remove any plastic from the remaining chick, which contained 5 cc of
plastic as well as 100 cc of rock. The rock was primarily buoyant volcanic
pumice. Induced emesis recovered half of the proventricular plastic as
long as the pumice content was less than 55% of the total proventricular
content. For comparison, the prevalence of proventricular plastic in the
carcasses of Laysan albatross chicks examined by dissection at Midway was
94% in 1986 and 98% in 1987 (Table 2).

Stomach-pumped samples from both 1986 and 1987 were collected from 11
unique combinations of species, location, and age (Table 2). Significant
differences between years of collection were found for red-tailed
tropicbird chicks at Midway and adult wedge-tailed shearwaters at Kauai;
however, the overall test for a significant association between year of
collection and plastic prevalence was not quite significant (P = 0.053).

To remove potential investigator effect, combinations where all the birds
were sampled by only one of us (Sievert) were analyzed. These included the
five combinations sampled at Midway, and the overall P value (0.029)

Table 1.--Rock, plastic, and other proventricular contents removed
by stomach pumping from six Laysan albatross chicks that were then
euthanized and necropsied.

Total content Rock content Plastic content
Volume Volume Volume
Bird present® Percent present®  Percent present® Percent
No. (cc) removed (cc) removed (cc) removed
1 140 3 100 5 5 0
2 100 20 55 18 10 50
3 60 17 20 25 10 50
4 45 44 15 67 5 100
5 20 50 10 50 10 50 %
6 20 50 5 100 10 50

*Volumes were measured in 5 cc increments.
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indicated a significantly higher prevalence in 1986. Thus year of
collection had a significant effect in species and age combinations from
Midway.

To test age, prevalence data based on stomach-pumped samples collected
from both adults and chicks of eight combinations of species, location, and
year of collection were compared (Table 2). None of the individual results
were significantly different; however, in all species except the sooty
tern, the trend was for higher prevalence among chicks. This caused a
significant overall association between age and prevalence (P = 0.05). A
second analysis of age was done which included the 1986 necropsy samples
from the Laysan albatrosses at Midway. There was a significant difference
between the Laysan albatross chicks and adults (P < 0.00), and the overall
association between age and prevalence was again significant (P < 0.00).

In 1987 the adult wedge-tailed shearwaters of Johnston Atoll had
significantly lower prevalence (5%) of plastic in pumped stomach samples
than at Midway (29%) in individual tests (Table 2), and the overall test of
association also showed a significantly (P = 0.01) lower prevalence at
Johnston. 1In 1987, adult wedge-tailed shearwaters had higher prevalence
(29%) at Midway than at Kauai (3%), and at Tern Island (15%) than at Nihoa
(3%). The individual tests for these particular combinations were
significant (Table 2), but the overall tests of association were not
(P = 0.064, and P -~ 0.078, respectively), suggesting the absence of a
consistent pattern in differences in prevalence among these island pairs.
No other significant differences were detected between locations.

It was possible to compare prevalence between black-footed and Laysan
albatrosses using both stomach-pumped and necropsy samples for five
combinations of location, age, and year of collection (Table 2). Neither
the individual results nor the overall test of association (P = 0.98) were
significant. Consequently, data from both species of albatrosses were
combined for later comparisons with other taxa. Stomach pumped samples
from three combinations of location, age, and year were used to compare
gray-backed terns and sooty terns. Again, neither individual nor overall
(P = 0.264) tests of association were significant, and both species of
terns were combined for comparison with other taxa. Brown noddies and
black noddies were also not significantly different (P = 1.00) and were
combined. Finally, the combined terns were compared to the combined
noddies, and again neither individual (P = 0.542, 1.00, or 1.00) nor the
overall (P = 0.519) tests of association were significant, so that all tern
and noddy species were combined for comparisons with other taxa. Stomach-
pumped samples from Christmas shearwaters, Puffinus nativitatis, and wedge-
tailed shearwaters were compared for three combinations of location, age,
and year (Table 2). There were no significant individual or overall
(P = 0.69) association, and data from these two species of shearwaters were
combined for comparisons with other taxa. In comparisons between taxonomic
groups, the albatrosses had significantly higher prevalences, the terns and
noddies the lowest, and the shearwaters, tropicbirds, and boobies were
intermediate (Table 3).
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Table 3.--Comparisons of the prevalence of ingested plastic in
stomach samples of five taxonomic groups of Hawaiian seabirds.
A "-" means that the taxa in the row had significantly lower
prevalence than the taxa in the column, "ns" means that there
was no significant difference between the taxa in the row and
column, "+" means that the taxa in the row had significantly
higher prevalence than the taxa in the column, and "nc" means
no comparison was done.

GBTE/SOTE

Taxa® LAAL/BFAL BLNO/BRNO RFBO CHSH/WTSH RTTB
LAAL/BFAL + + ne +
GBTE/SOTE BLNO/BRNO - ns - -
RFBO - ns ns -
CHSH/WTSH nc + ns +
RTTB - + + -
Range of prevalence

in chicks (%) 67-100 0-36 0-11 27-29 2-44
Range of prevalence .

in adults (%) 35 0-8 0-34 3-29 0-5

®BFAL = black-footed albatross, BLNO = black noddy, BRNO = brown
noddy, CHSH = Christmas shearwater, GBTE = gray-backed tern, LAAL = Laysan
albatross, RFBO = red-footed booby, RTTB = red-tailed tropicbird, SOTE =
sooty tern, WISH = wedge-tailed shearwater.

Necropsy examinations of carcasses revealed plastic in the intestines
of many of the albatrosses (Table 4). While plastic was usually present in
both the proventriculi and ventriculi of albatrosses, it was more common in
the ventriculi of petrels and shearwaters (Table 4). The mean volume of
plastic in the Laysan carcasses was about nine times greater in 1986 than
1987 (Table 5).

Albatrosses held the widest diversity of plastic types and were the
only species to ingest bottle caps, bags, sponges, and a variety of other
items. Styrofoam, fibers, sponges, bags, and bottle caps were more common
in black-footed albatrosses than Laysan albatrosses, whereas plastic
pellets were more common in the latter. Fragments were the most common
type of plastic ingested by all the species except Bonin petrels, which
contained fibers most frequently. Albatrosses ate the largest individual
plastic items; the volume of the largest single item (plastic sheet)
recovered was 200 cc. Albatrosses also ate the largest fragments (up to
25.2 cc); petrels, shearwaters, tropicbirds, boobies, and frigatebirds
ingested moderate-sized ones; and storm-petrels and terns consumed the
smallest (up to 2.0 cc, Table 6). Most of the fragments recovered were
white regardless of the species of bird (Table 7). Samples from sooty
storm-petrels, Oceanodroma tristrami, contained red fragments more
frequently than samples from any of the other species. Great frigatebirds,
Fregata minor, contained only white or black fragments. :
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DISCUSSION

Although we never recovered more than 50% of the volumes of plastic
greater than 5 cc, or over 50% of the total stomach content of the
euthanized albatross chicks, the reliability of stomach pumping seemed
acceptable for simply detecting the presence of plastic in Laysan albatross
chicks, and thus for prevalence information. Efficacy in the other species
was not determined. Ryan and Jackson (1986) got higher (89-100%) yields of
the total stomach content of petrels than we did for albatross chicks,
although Ryan and Jackson were studying the removal of all dietary items
and we were interested only in detecting the presence of plastic. Large
volumes of proventricular rock seemed to interfere with removal of small
volumes of plastic. Other reports also state that stomach pumping is less
effective in birds that have full stomachs with tightly packed contents
(Ryan and Jackson 1986). Stomach pumping removes only the proventricular
content of petrels, and may or may not remove gizzard content from
Pelecaniformes, Charadriiformes, and some Procellariiformes (Diomedeidae)
(Ryan and Jackson 1986). Our stomach pumping results possibly
underestimated prevalence in our study and this may have been more
significant in individuals with small plastic loads. But stomach pumping
precluded killing 1,803 seabirds, simply to learn what they were eating.

There are several reports that the prevalence of ingested plastic in
seabirds is increasing over the long term. Day et al. (1985) reported
increases in short-tailed shearwaters, Puffinis tenuirostris, in the
1970's. Van Franeker (1985) noted an increase in the number of plastic
particles in fulmars, Fulmaris glacialis, in the North Sea through the
early 1980's. Harper and Fowler (1987) reported long-term interannual
increases in plastic prevalence based on large samples of prions,
Pachyptila spp., found dead on New Zealand beaches from <5% in 1960 to >20%
in 1970. Fry et al. (1987) show that the prevalence (80-90%) in the Laysan
albatrosses of the Northwestern Hawaiian Islands in the late 1980's was
higher than the 74% reported by Kenyon and Kridler (1969), although the
sampling methods were different. Frequency of occurrence increased in
Antarctic prions, P. desolata, in the Southern Ocean during the early
1980’s (Ryan 1988b). It is widely assumed that increasing prevalence in
seabirds reflects increasing pollution of the marine environment, and this
is probably correct; however, the marked short-term interannual difference
we found (44% in red-tailed tropicbird chicks at Midway in 1986 versus 2%
in 1987) in the same species at the same nesting colony examined by the
same scientist suggests that long-term relationships must be interpreted
carefully. Such interannual variation might be caused by changes in the
amount of plastic dumped in the ocean, movement of floating plastic by
winds and currents, seabird foraging areas, or feeding behavior. The
volumes of plastic we recovered from the necropsied albatross chicks are 10
to 100 times greater than the volumes reported for other species (Day et
al. 1985; Furness 1985; Ryan 1987a, Bayer and Olson 1988; van Franeker and
Bell 1988). The mean 18.3 cc volume (estimated as 0.9053 X weight)
recovered from Laysan albatross chicks by Kenyon and Kridler (1969)
compares well with our data.
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Table 4.--The prevalence of plastic in the gastrointestinal
tracts of seabird carcasses examined by necropsy in the
Hawaiian Islands in 1986 and 1987 [percent containing plastic
(number examined)].

Plastic location

Species Age? Proventriculus Ventriculus Intestines
Black-footed albatross Chick 95 (44) " 93 (44) 30 (20)
Laysan albatross Chick 100 (131) 95 (131) 39 (57)
Bonin petrel Both 27 (99) 82 (99) 0 (12)
Dark-rumped petrel Both 33 (3) 100 (3) --
Newell'’s shearwater Both 8 (36) 17 (36) --

®Both = Juveniles plus adults.

Table 5.--Volume of plastic removed from the proventriculi
of black-footed and Laysan albatross carcasses found dead
of natural causes on Midway.

Black-footed albatross Laysan albatross
Year N Range Mean N Range Mean
1986 25 0-198 39 45 1-186 46
1987 18 5-165 33 76 5-20 5

With the inclusion of the results from this study, 80 species, or
approximately 25% of the world'’'s seabird species, have been shown to ingest
plastic. The pronounced differences in the prevalence of ingested plastic
between different taxa of Hawaiian seabirds was expected. Seabird
biologists have reported interspecific differences for seabird communities
in the North Pacific and Southern Ocean and have attributed them primarily
to differences in feeding behavior (Day et al. 1985; Ryan 1987a). Species
feeding primarily at the ocean surface ingested more plastic, possibly
because of increased exposure to it.

Geographic variations in prevalence in a given species are usually
attributed to differences in the environmental availability of plastic,
although no study has attempted to test this assumption (Day et al. 1985;
Ryan 1988b). The mean density of plastic particles in Alaskan waters was
910 particles/km2 (calculated from Day and Shaw 1987), in the South
Atlantic it was 2,080 particles/km? (calculated from Morris 1980), and in |
the subtropical North Pacific (the Hawaiian Islands region) it was 96,100 |
particles/km? (Day and Shaw 1987). The corresponding percentages of
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Table 6.--Mean volume (cc) of the largest plastic fragment®
removed from the proventriculi and ventriculi of individual
Hawaiian seabirds during 1986 and 1987.

Proventriculus Ventriculus
Species N Mean volume N Mean volume
Black-footed albatross 51 2.056 16 0.089
Laysan albatross 47 0.649 63 0.073
Petrels (Bonin, Bulwer'’s,

dark-rumped) 4 0.041 20 0.014
Shearwaters (wedge-tailed,

Newell's, Christmas) 54 0.117 6 0.006
Sooty storm-petrel 30 0.017 -- --
Red-tailed tropicbird 14 0.051 .- --
Boobies (masked, red-footed) 2 0.054 -- --
Great frigatebird 5 0.329 -- --
Sooty tern 1 0.002 -- --

*Fragments were flat pieces of manufactured plastic, 1-3 mm thick,
typically from broken plastic bottles or other containers.

Table 7.--Prevalence (number of stomach samples containing
the color/the total number of samples examined x 100) of
different colors of plastic fragments® removed from the
proventriculi of Hawaiian seabirds during 1936 and 1987.
Stomach samples were obtained by stomach pumping.

Plastic color (%)b

Species N White Black Blue Green Red
Black-footed albatross 82 93 27 43 41 13
Laysan albatross 78 95 32 49 50 27
Wedge-tailed shearwater 51 84 8 24 29 8
Sooty storm-petrel 30 87 13 10 27 40
Red-tailed tropicbird 14 57 43 21 7 0
Great frigatebird 5 80 40 0 0 0

®Fragments were flat pieces of manufactured plastic, 1-3 mm thick,
typically from broken bottles or other containers.

Color groups were: white = white, yellow, tan and brown; black = gray and
black; blue = purple and blue; green = green; red = pink and red.
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seabird species that ingested plastic in these three regions were 41 (Day
et al. 1985), 60 (Ryan 1987a), and 89 (this study), suggesting a positive
relationship between plastic availability and the prevalence of ingestion.
The same relationship may explain the lower prevalence of plastic in adult
wedge-tailed shearwaters at Johnston Atoll compared with the same species
at Midway. The beaches of Johnston Atoll have much less plastic refuse
than those of the Northwestern Hawaiian Islands (S. I. Fefer, unpubl.
observ.), suggesting a lower density of plastic in the surrounding waters
used for feeding. Much of the plastic in these waters may be of Japanese
origin as indicated by Pettit et al. (1981), who found that 108 of 109
identifiable plastic items in dead albatross carcasses at Midway were
manufactured in Japan. Movement of floating plastic by ocean currents
provides an explanation for the high prevalence of Japanese plastic in
Hawaiian waters and the reduced amount of plastic on Johnston Atoll. The
Kuroshio moves surface waters from near Japan southeast to the Hawaiian
region, and may carry plastic with it (Fry et al. 1987). Johnston Atoll
is affected primarily by the North Equatorial Current, which probably has
less intense shipping and fishery activity and hence less plastic.

Day et al. (1985) found that subadult parakeet auklets, Cyclorrhynchus
psittacula, and tufted puffins, Lunda cirrhata, contained more plastic than
adults, and Ryan (1988b) found the same association for blue petrel,
Halobaena caerulea, chicks. The high prevalence in albatross chicks, and
probably chicks of other species in the Hawaiian Islands, was likely due to
the regurgitational chick-feeding process and the inability of very young
chicks to regurgitate indigestibles. All Hawaiian seabirds except white
terns feed their chicks by regurgitation, and plastic items ingested by the
parents are probably passed to the chicks. Ryan (1988b) proposed that this
"intergenerational” transfer of plastic reduces occurrence in the adult
populations while increasing it in the chick populations. Plastic is
usually expelled from the proventriculus of albatross chicks by
regurgitation late in the chick-rearing period (Clarke et al. 1981), and
the volume of plastic in a given chick, and perhaps the prevalence in the
chick population, are reduced at that time. Other seabirds (giant petrels,
cormorants, skuas, gulls, and terns) also regurgitate indigestible matter.
The presence of plastic in the intestines of some birds indicates that
plastic is also removed by defecation. Interspecific differences in
physiology, the ratios of proventricular to ventricular volume, or the
total volume of plastic ingested may have influenced the interspecific
differences in the distribution of plastic through the gastrointestinal
tract.

It was not determined if the color composition of fragments from the
stomach samples reflected the color distribution of floating fragments at
sea or some feeding specificity by the birds. Day et al. (1985) found that
some Alaskan seabirds selectively consume plastic particles similar to prey
items.

Black-footed albatrosses ingest about 10 times the volume of fish eggs
ingested by Laysan albatrosses (Harrison et al. 1983), and might be
expected to ingest more plastic pellets if these are mistaken for fish
eggs. However, we found pellets more often in Laysan (52%) than black-
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footed albatrosses (12%, P < 0.001). Black-footed albatrosses probably do
not ingest single fish eggs, but instead consume large masses of eggs
attached to floating objects, which may explain the higher (34%) prevalence
of fibers in the proventriculi of black-footed albatrosses than Laysans
(11%, P < 0.001).

The size of plastic particles relative to common food items may be
important in explaining why albatrosses ingest much larger plastic pieces
than other Hawaiian seabirds. Black-footed and Laysan albatrosses both
ingest larger size classes of squid and other food items than most Hawaiian
seabirds (Harrison et al. 1983). 1It is also possible that black-footed
albatrosses have more frequent contact with large plastic items due to
their habit of feeding on refuse dumped overboard by ships (Miller 1940).
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THE INCIDENCE OF PLASTIC IN THE DIETS OF ANTARCTIC SEABIRDS

David G. Ainley, William R. Fraser, and Larry B. Spear
Point Reyes Bird Observatory
Stinson Beach, California 94970, U.S.A.

ABSTRACT

We investigated the diets of seabirds at sea in the
Antarctic from 1976 to 1988. During the study period, on eight
cruises in the Ross, southern Scotia, and Weddell Seas and Drake
Passage, we collected or pumped the stomachs of 1,223 seabirds
of 23 species. The stomach contents of species that feed below
the sea surface contained little plastic, as expected; these
birds live entirely on live prey. Among species that feed at
the surface, most of which eat both live and dead organisms,
incidence of plastic was highest among the smaller ones and
those that are omnivores, or feed on zooplankton and
micronekton. This includes the majority of Southern Ocean
flighted birds. Incidence of plastic among them was a function
of the degree to which their populations frequented waters
outside of the Antarctic during the winter. Among those species
that live south of the Antarctic Convergence year-round there
was little evidence of plastic ingestion. Among those species
that are summer visitors to the Antarctic, incidence of plastic
in the diet decreased with increased latitude. These results
indicate either that the Antarctic Convergence blocks plastic
debris, which is commonly found at the sea surface in the north,
from entering the Southern Ocean, or that other factors such as
the northward movement of pack ice sweeps the sea clear of
plastic. Results also suggest that floating plastic debris is
not yet the problem in the Antarctic that it is in more northern
waters.

INTRODUCTION

Much has been learned recently about the ingestion of plastic by
seabirds, mainly through the efforts of Day (1980; Day et al. 1985) in
the northern Pacific, and of Ryan (1987a, 1987b, 1988a, 1988b, 1988c; Ryan
and Jackson 1987) in the southern Atlantic. At present, 69 seabird species
are known to ingest plastic while feeding at sea; 37 of these species
frequent oceans of the Southern Hemisphere (see reviews in Day et al. 1985;
Ryan 1987b). The incidence of ingested plastic in seabirds has been rising
steadily since the 1960’s, with the earliest records from procellariiform
birds (Harper and Fowler 1987). The large majority of species now known to

Proceedings of the Second International

In R, S. Shomura and M. L. Godfrey (editors},
U.S. Dep. Commer., NOAA Tech.

Conference on Marine Debris, 2-7 April 1989, Honolulu, Hawaii.
Memo. NMFS, NOAA-TM-NMFS-SWFSC-154. 1990.



683

eat and retain plastic in their alimentary tracts are members of the order
Procellariiformes.

Geographic variation in the incidence of plastic ingestion among
seabirds is a function of proximity to areas of industrialization and human
population centers. Among the 100 or so gpecies investigated to date and
for which sample sizes are greater than 30, in the following, about 80% of
individuals carry plastic loads (see summaries in Day et al. 1985; Ryan
1987b; Sileo et al. 1990): Laysan and black-footed albatross, Diomedea
immutabilis and D. nigripes, short-tailed shearwater, Puffinus
tenuirostris, and parakeet auklet, Cychlorrhynchus psittacula, which
frequent polluted waters of the North Pacific Rim; northern fulmar,
Fulmarus glacialis, in the polluted northeastern Atlantic and the North
Sea; greater shearwater, Puffinus gravis, which ranges between southern
Africa and the polluted northwestern Atlantic; white-faced storm-petrel,
Pelagodroma marina, and cape petrel, Daption capense, in waters off
southern Africa; and blue petrels, Halobaena caerulea, in waters off
southern Africa and the southwestern Pacific. High incidences of plastic
also have been detected in seabirds of various species sampled off the U.S.
west coast (Balz and Morejohn 1976).

In this paper we present information on the incidence of plastic in
the diets of Antarctic seabirds, and compare our findings with the
background of information just reviewed. The only samples collected
previously in the Antarctic were reported by Ryan (1987b) and van Franeker
and Bell 1988), and included small samples of five species.

METHODS

Birds were collected at sea off the Antarctic Peninsula and in the
Ross Sea (Fig. 1) during investigations of their diets and marine ecology
(Ainley et al. 1984, 1988, in press; Fraser and Ainley 1986). One sample
of 60 Adélie penguins, Pygoscelis adeliae, was obtained by pumping stomachs
at Palmer Station, Anvers Island (lat. 64°S, long. 64°W), in the Drake
Passage; other penguin samples, except those from the Ross Sea, were
obtained at sea also by stomach pumping. A sample of 75 castings was
obtained from blue-eyed shags, Phalacrocorax atriceps, also at Palmer
Station. All other birds were shot and contents of the proventriculus and
ventriculus were obtained by dissection, collecting areas in the Ross Sea,
December-January 1977-80, are summarized in Ainley et al. (1984); those in
the southern Scotia Sea (Weddel Confluence region), November 1983 and
August 1988, are summarized in Ainley and Sullivan (1984); those in the
Weddell Sea, March 1986, are in Sullivan and Ainley (1988); and those in
the Drake Passage and adjacent areas, July-August 1985-87, are in Pietz and
Strong (1987).

Unlike Day (1980), Ryan (1987a, 1987b, 1988a, 1988b, 1988c; Ryan and
Jackson 1987), and others (e.g., Furness 1985) who actually were attempting
to directly characterize plastic ingestion in seabirds, we collected
information incidental to other work. Therefore, except for the most
recent sampling in August 1988, we did not quantify the number, size, and
color of the particles found in digestive tracts.
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RESULTS

We observed no large accumulations of plastic in any of the birds
inspected. The greatest number of pieces was 22 in a blue petrel, but
usually it was much smaller (the next largest quantity was 8, also in a
blue petrel). The birds that contained plastic in August 1988 averaged
(+SD) the following numbers per bird; blue petrel, 5.1 + 5.4 (n = 14); cape
petrel, 1 (n = 4); and snow petrel, Pagodroma nivea, 1 (n = 4). As
observed in other studies, most of the plastic consisted of small (3-6 mm
diameter) fragments and "pellets." Styrofoam occurred rarely (1 of 74
pieces of plastic in 1988). One Antarctic petrel, Thalassoica antarctica,
had eaten a piece of rubber from a (meteorological?) balloon; and a snow
petrel had eaten threads of polypropylene rope.

No plastic was observed in any species that feed by diving beneath the
sea surface (penguins, Aptenodytes and Pygoscelis spp.; the shag; and the
diving petrel, Pelecanoides urinatrix), all of which feed on live
micronekton (Croxall 1987, and papers therein; Table 1). Neither did we
find plastic in any species that lack a well-developed gizzard or regularly
regurgitate castings of indigestible material (albatrosses, Diomedea spp.;
shags; skuas, Catharacta spp.; gulls, Larus spp.; and terns, Sterna spp.).
Among those birds whose stomachs or gizzards did contain plastic (petrels,
Procellariidae, only), incidence was higher in the smaller species. Such
patterns are consistent with previously published information (Day et al.
1985; Ryan 1987b; but see Sileo et al. 1990, for the exception presented by
the large albatrosses); these species tend to eat zooplankton or
micronekton, and also scavenge dead organisms.

The frequency of occurrence of plastic decreased with increasing
latitude in each of the four areas sampled, except to some extent in the
Ross Sea (Table 2). The same pattern also emerged for only those species
having a relatively high frequency of plastic ingestion. For example, in
the Scotia Sea, the frequencies of plastic in blue petrels, cape petrels,
Antarctic prions, and Wilson's storm-petrels combined, were 17, 6, 0, and
0% at lat. 56°-58°S (n = 60), 59°S (n = 51), 60°S (n = 50), and 61°-62°S
(n = 17), respectively.

A pattern seemingly inconsistent with the latter finding is evident in
a comparison between frequencies of occurrence of plastic in Scotia Sea and
Weddell Sea samples (Table 1). Within a species, the frequency of plastic
is much higher in birds from the more southerly Weddell Sea than in birds
from the Scotia Sea. The Weddell Sea sample, which was from autumn,
however, contained a much higher proportion of subadult nonbreeders, which
would be expected to contain larger plastic loads (Ryan 1988c). Indeed the
frequency of plastic in blue petrels in this sample was 88%, and in winter
samples it was 90%, which were rates similar to those reported for this
species off the coast of Africa. In spring, when there were many more
adults in the sample, frequency was 21%.
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Table 1.--The frequency of occurrence of plastic in the digestive
tracts of seabirds collected in various sectors of the Southern

Ocean.*
Ross Drake Scotia Weddell

Species Sea Passage Sea Sea Total
Aptenodytes forsteri 0 (8) 0 (17) 0 (25)
Pygoscelis adeliae 0 (5) 0 (60) 0 (29) 0 (10) 0 (104)
Pygoscelis papua 0 (5) 0 (5)
Phalacrocorax atriceps 0 (1)° 0 (L)
Diomedea palpebrata® 0 (2) 0 (2)
Macronectes giganteus® 0 (2) 0 (5) 0 (4) 0 (2) 0 (13)
Procellaria aequinoctialis® 0 (10) 0 (10)
Fulmarus glacialoides® 0 (13) 0 (4) 2 (49) 6 (18) 2 (84)
Thalassoica antarctica® 2 (40) 0 (25) 0 (66) 0 (53) <1 (184)
Pagodroma nivea® 0 (108) O (77) 3 (139) 0 (39) 1 (363)
Daption capense® 50 (4) 5 (20) 11 (63) 31 (16) 14 (105)
Pterodroma inexpectata® 0 (4) 0 (4)
Pterodroma brevirostris® 0 (5) 9 (23) 7 (28)
Halobaena caerulea® 44 (45) 88 (17) 56 (62)
Pachyptila vittata® 67 (3) 4 (51) 20 (15) 10 (69)
Pelecanoides urinatrix® 0 (&) 0 (4)
Oceanites oceanicus® 37 (27) 4 (49) 33 (15) 19 (91)
Fregetta tropica® 0 (6) 0 (6)
Catharacta maccormicki 0 (25) 0 (25)
Larus dominicanus 0 (15) 0 (15)
Sterna paradisaea 0 (10) 0 (14) 0 (24)
Sterna vittata 0 (12) 0 (5) 0 (17)
Chionis alba 0 (2) 0 (2)

*Percentage with sample sizes in parenthesis.
bSamples of 30 pellets in 1977 and 45 in 1987 contained no plastic.
‘Birds of the order Procellariiformes; see Table 2.

DISCUSSION

Plastic was found in 36% of the 23 species examined, a percentage much
lower than that of most other regional studies: 100% of 10 species in
California (Balz and Morejohn 1976), 76% of 15 at Gough Island (Furness
1985), 71% of 14 in New Zealand (Imber in Day et al. 1985), 56% of 95 in a
world survey (Day et al. 1985), 60% of 60 from the Southern Hemisphere (Ryan
1987b), and 98% of 22 in Hawaii (Sileo et al. 1990). 1In another study of
seabirds in the equatorial Pacific, Ainley et al. (1990) found plastic in
59% of petrel species. Thus, an unusually low incidence of contamination
is evident in the Antarctic as compared to other areas of the world ocean
(see also van Franeker and Bell 1988).
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Table 2.--Frequency of occurrence of plastic in
procellariiform birds, by latitude and sampling
sector in the Southern Ocean.®

Latitude Ross Drake Scotia Weddell
N Sea Passage Sea Sea

56°-58° . 15 (183)

59° 7 (119)°

60° 1 (93)

61°-62° 3 (37) 0 (97)

63°-64° 0 (60)b 25 (60)
65°-66° ' 0 (34) 9 (137)
67°-69° 11 (35) (v)
70°-75° 18 (63)°

76°-78° 0 (46)

®Percentages, with sample size in parenthesis, are given; see
Table 1 for procellariiform species.
bApproximate northern edge of the pack ice.

The greatest frequency of occurrence found by us was in blue petrels,
but the 56% rate was much lower than the 90% reported for this species by
Ryan 1987b). A relatively high incidence was also evident in our Antarctic
samples of the cape petrel (14%), Antaractic prion, Pachyptila desolata
(10%), Kerguelen petrel, Pterodroma brevirostris (7%), and Wilson's storm-
petrel, Oceanites oceanicus (19%). For these species, however, rates were
much lower than those reported by Ryan (1987b), van Franeker and Bell
(1988), Ainley et al. (1990), and Sileo et al. (1990) for other areas.
Harper and Fowler (1987) reported a rate equivalent to ours for Antarctic
prions found dead on beaches in New Zealand. In the present study, fre-
quencies of plastic occurrence for the Antarctic fulmar, Fulmarus glaci-
aloides, white-chinned petrel, Procellaria aequinoctialis, and Antarctic
petrel were negligible, as also noted by van Franeker and Bell (1988) for
the Indian Ocean sector of Antarctia. Ryan (1987b) found a similarly low
rate for this sample of Antarctic petrels from the Antarctic, but higher
rates of 11% in fulmars found dead on beaches in southern Africa and of 57%
in white-chinned petrels from southern African waters. Ainley et al.
(1990) found a rate of 67% for the latter species in the Peru Current. Not
the present, nor Ryan’s, nor van Franeker and Bell's studies detected much
plastic in snow petrels, which are restricted to the Antarctic. Thus, a
low incidence of plastic contamination is again indicated for Antarctic
waters.

Our findings also indicate that the greater the distance south from
the Antarctic Convergence the less likely birds are to have eaten plastic.
More southerly individuals either have weaker ties to waters outside the
Antarctic (where densities of plastic are greater, Morris 1980; Pruter
1987), or they have not frequented northern waters recently. If bird
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residency time in pollution-free waters is a factor, such a pattern might
also support the idea that over time there is a gradual attrition of
plastic from digestive tracts (Day et al. 1985; Ryan and Jackson 1987; Ryan
1988a; van Franeker and Bell 1988; Ainley et al. 1990). Again, however,
the pattern indicates that the density of plastic is very low in Antarctic
waters. In other words, once south of the Antarctic Convergence, northern
seabirds lose plastic from their digestive tracts faster than they gain it.

Both the patterns described above and other patterns indicate that at
present there is little plastic floating on the surface of ocean waters
south of the Antarctic Convergence. Antarctic surface waters flow |
northward away from the continent, and then sink beneath subantarctic
waters at the Antarctic Convergence (Deacon 1964). Where the Antarctic
Convergence is particularly well developed, flotsam (e.g., kelp fragments)
is much in evidence along its northern edge (D. G. Ainley, pers. observ.;
S. §. Jacobs, Lamont Doherty Geological Observatory, pers. commun.). Thus,
the convergence may act to some degree as a barrier to flowing debris and
pollutants from the north (though not an absolute barrier, because eddies
are able to transport some northern waters across the convergence; Jacobs,
pers. commun.). Because there is little human activity in the Antarctic,
there is at present a relatively low rate of disposal of plastics. This
helps to maintain the apparent low densities of floating plastic there, but
few efforts to directly sample the abundance of floating plastic in
Antarctic waters have been reported (Gregory et al. 1984; Pruter 1987).
One additional factor that may help to sweep Antarctic waters clear of
plastic is the seasonal, northward advance of the pack ice (Jacobs, pers.
commun.). In that each of our samples was collected with respect to the
pack ice edge (because we were comparing the diets of birds in and out of
the ice), and the decreasing plastic loads we detected were not a function
of absolute latitude south of the convergence (i.e., position of the pack
ice edge differed for each sample), our results indicate that northward
movement of ice would indeed help to clear any plastic from the sea surface
in the Antarctic. 1In fact, a great deal of organic detritus (e.g., dead
diatoms) is scoured from the water column by the freezing process,
transport north, and released by melting at the ice pack edge, where a
large amount of detrital material can be found (C. W. Sullivan, Department
of Biological Sciences, University of Southern California, pers. commun.).

Assuming that most of the plastic found in the birds inspected in this
study was ingested near to or north of the Antarctic Convergence, the
frequency of occurrence of plastic in seabirds provides an index of how
strongly certain petrel species are tied to Antarctic seas. Considering
the dearth of ecological studies in Antarctic waters during the spring and
winter, such an index is useful in characterizing the avifauna. Those
seabird species with low frequencies of occurrence of plastic should
exhibit the weakest tendencies to exit the Antarctic during the winter.
These data, therefore, suggest that Antarctic and snow petrels, and a
significant proportion of Antarctic fulmars, do not leave the Antarctic
during winter, as do so many other "Antarctic" seabirds. In fact, the only
plastic found in snow petrels was in individuals that had moved north with
the pack ice during winter, and were thus close to the Antarctic
Convergence. Along these same lines of reasoning, one might expect a large
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amount of plastic to accumulate along the Antarctic Convergence, and the
higher incidence of plastic in certain species, especially the blue and
Kerguelen petrels, may indicate that these species frequent the convergence
area more than most other species or that in general they frequent water
mass convergences (cf. Bourne and Clark 1984). Census results support
these distributional patterns (Ainley and Fraser, unpubl. data).
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CORMORANT NESTS IN THE GULF OF MAINE
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ABSTRACT

The incorporation of plastic debris into double-crested
cormorant, Phalacrocorax auritus, nests is reported on three
islands in the Gulf of Maine. Of the 497 nests examined during
1987 and 1988, 188 nets (37%) contained plastic debris.
Sections of lobster trap line, plastic bags, and pieces of
fishing net dominated this debris. The significance of this is
discussed and future monitoring of plastics in seabird nests is
recommended.

In R. S. Shomura and M. L. Godfrey (editors), Proceedings of the Second International
Conference on Marine Debris, 2-7 April 1989, Honolulu, Hawaii. U.S. Dep. Commer., NOAA Tech.
Memo. NMFS, NOAA-TM-NMFS-SWFSC-154. 1990.
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INGESTION OF PLASTICS BY TELEOST FISHES

Donald E. Hoss and Lawrence R. Settle
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ABSTRACT

Ingestion of plastic debris by many types of animals such
as turtles and seabirds is well documented and considered to be
a serious threat to their survival. Marine fishes also ingest
plastic debris but the amount ingested and the effect of the
ingested debris are not well documented. If large amounts of
inert plastic debris were ingested, it might affect the fishes’
well-being by blocking the digestive tract and reducing the
feeding drive. Also, certain types of debris could cause injury
to the digestive tract and, depending on its chemical composi-
tion, might even have a toxic effect.

In this paper we review the literature to determine what is
known about ingestion of plastics by marine fishes and report on
our studies on ingestion of plastic particles by larvae and
juveniles. There is at present no comprehensive list of fishes
known to have ingested plastic. However, observations made
incidental to other studies indicate that many species do at
least occasionally ingest plastic. Plastics have been found in
larvae, juveniles, and adults of both pelagic and demersal
species. Currently, there is no clear evidence that juvenile
and adult fish have been affected by ingesting plastic. Studies
in the field on larval fish have suggested that swallowed
plastic spheres could cause intestinal blockage and that poly-
chlorinated biphenyls associated with the surface of the
spherules could have toxic effects.

Laboratory experiments to determine the effects of plastic
ingestion on larval and juvenile fish have been equivocal. In
some cases the fish were observed to take particles, but then
reject them.

We have found in our laboratory studies on larvae that five
of six species tested--Atlantic menhaden, Brevoortia tyrannus,
pinfish, Lagodon rhomboides, spot, Leiostomus xanthurus, striped
mullet, Mugil cephalus, and two species of flounder, Paralichthys
spp.--will feed on polystyrene microspheres. However, only spot
and mullet were found to have particles in their gut. Particles
passed from the gut after a period of time and larvae subsequently
fed on brine shrimp larvae.

Conference on Marine Debris, 2-7 April 1989, Honolulu, Hawaii. U.S. Dep. Commer.,
Memo. NMFS, NOAA-TM-NMFS-SWFSC-154. 1990. :

In R. S. Shomura and M. L. Godfrey (editors), Proceedings of the Second International

NOAA Tech.
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INTRODUCTION

Plastic debris is a common contaminant of marine waters and is
potentially available for ingestion by marine life. Since the report of
Carpenter and Smith (1972) on contamination of the Sargasso Sea surface by
plastic particles, numerous surveys have reported on finding various types
of plastics in waters from around the world (Carpenter et al. 1972:; Kartar
et al. 1973; Venrick et al. 1973; Colton et al. 1974; Hays and Cormons
1974; Morris and Hamilton 1974; Wong et al. 1974; Gregory 1977; Shaw 1977;
Shaw and Mapes 1979; Shiber 1979, 1987; Morris 1980; Dahlberg and Day 1985;
Day et al. 1986; Ignell and Dahlberg 1986). A more extensive discussion of
the worldwide distribution of plastics in the sea is given by Pruter
(1987).

Ingestion of plastic debris by many types of animals (e.g., marine
turtles and birds) is, in fact, well documented and in many cases
considered to be a serious hazard (Balazs 1985; Day et al. 1985; Azzarello
and Van Vleet 1987; Fry et al. 1987; Gramentz 1988). For marine fishes,
the ingestion of plastic debris and its subsequent effect is not well
documented, but it is assumed that they, like other marine animals, will be
unable to distinguish between normal prey and small pieces of plastics.
Fish may swallow pieces mistaken for prey or ingest pieces incidental to
normal feeding. Once ingested, this debris may block the digestive tract,
lessen feeding, and cause ulceration or other physical injury to the
stomach lining. It has been suggested that ingested plastics may also
release toxic chemicals (Day et al. 1985). Animals weakened by the adverse

effects of ingestion may then be more susceptible to disease and predato